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P R E F A C E 
Mining, transporting and processing of mineral fibers 
is a major industry providing employment to a large momber of 
people. Prolong inhalation of noxious mineral dusts by the 
workers from the polluted environment during these operations 
cause lung diseases known as pneumoconiosis. Among these 
particulates polluting the atmosphere, asbestos assumes a 
significant place. Asbestos is one of the growing industries 
in India engaging a large number of workers. Asbestos is a 
generic name for a group of minerals well known for their 
adverse effects on the respiratory system. Experimental stu-
dies clearly demonstrated that asbestos is a hazardous mineral. 
After prolong period of inhalation, asbestos produced fibrosis 
of the lung known as asbestosis and two types of malignancies. 
OF 
Mesothelioma, a tumor^serosol cells lining the pleural and 
peritoneal cavities, is an extremely rare cancer in general 
population but can account for as many as one in thirty of 
the malignancies found in asbestos workers. The second type 
of cancer produced by asbestos is bronchogenic carcinoma, 
tumor o£ the epithelial cells, lining the upper airways„ This 
cancer occurs with high incidence in both asbestos workers and 
smokers in general population. From the last one and a half 
decades in this laboratory the chemical and biochemical aspects 
of asbestos toxicity have been studied using in vitro and in vivo 
model systems, A large number of review articles has also been 
pxoblished on this subject by Holt, P.P. (70), Selikoff, I.J« & 
Lee, D.H.K. (154), Michaels, L. & Chissick, S.S. (125), Brown, 
R.C, Gormley, I.P., Chamberlain, M. & Davies, R. (23) and Beck, 
E.G. & Bignon, J. (12). 
However, the molecular biology of asbestos carcino-
genicity is not known. Conflicting reports have appeared in 
this direction. In this dissertation an attempt has been made 
to study the interaction of asbestos with genetic material. 
Earlier studies have indicated that silicic acid 
dissolves out from silica and silicate dusts in physiological 
mediiom is one of the factor responsible for the pathogenicity 
of the cytotoxic dust. It is also known that silicic acid 
exhibit a great propensity and chemical interactibility with 
the various types of bio-molecule such as proteins, polysacc-
harides, lipids, nucleic acids (DNA, RNA) and many more, A 
Possibility of exchange between silicic acid and phosphoric 
acid in DNA and RNA, has been suggested (77). A higher 
turnover of DNA has been observed in the mesothelioma (24). 
Chrysotile has been shown to cause increased turnover of DNA 
synthesis in gastrointestinal tract of rat (3) and strand 
breakage in Chinese hamster ovarian cells (143). Increased 
sister chromatid exchange (SCE) and chromosomal aberrations 
have also been reported (130)„ Misra et al, (127) have shown 
the adsorption of DNA and RNA on asbestos fibers and subsequent 
liberation of orthophosphate. Of these interactions those 
involving nucleic acids might be playing a pivotal role in the 
genesis of patho-physiology of silicic acid. As silicic acid 
dissolved from silicates (137) is considered to be responsible 
for some of the pathological alterations associated with 
asbestos toxicity (133). 
However, the informations available on this topic is 
extremely meagre. It was therefore, considered both appro-
priate and logical to fill-up the gap in our knowledge in this 
area and to undertake a study of the effect of silicic acid on 
various physico-chemical and chemical states of DNA namely, 
native DNA, denatured DNA, depurinated DNA and NaBH.-reduced 
depurinated DNA etc. in various experimental conditions such 
as alkaline medium and S- nuclease which attacks single-
stranded DNA. As asbestos fibers can enter inside the nucleus 
of the cell there are chances of direct interaction of DNA 
with silicic acid. In view of this in vitro studies were 
planned to investigate as to how silicic acid would effect 
the integrity of DNA. 
i(y) 
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CHAPTER-I 
1 . 0 REVIEW OF LITERATURE 
1.1 SILICATES AND THEIR TOXICITY 
Silicates are the combined form of silica with oxides 
of metals or the salts of bases with silicic acid having 
different degrees of dehydration. Some naturally occurring 
silicates are asbestos, kaolin, mica and talc. Asbestos is 
a broad term representing a number of fibrous mineral silicates 
which may be divided into two groups with different silicon-
oxygen chain structure (as shown in Table 1). The two major 
classes of asbestos are the "serpentines", of which chrysotile 
is the most commercially important variety, and the "amphiboles" 
of which crocidolite, amosite and anthophyllite are the impor-
tant varieties (64). 
The physico-chemical properties of the different 
silicates mined in India and abroad show variations from 
mine to mine. Besides the major components, silica and 
aliimina and oxides of iron or magnesium, asbestos contain 
several other metals and organic compounds in trace amounts. 
The role of its chemical constituents and contaminants in 
biological system is an open field for investigation. 
Therefore, the studies related to adverse effects of asbestos 
and its contaminants to the h\aman health is an important 
aspect of research. Recently, asbestos has been gaining 
increasing notoriety as a health problem. Asbestos exposure 
can result in both inflammatory and neoplastic diseases for 
GROUP 
AMPHIBOLE 
i i 
! 
1 1 
SERPENTINE 
VARIETY 
ANTHOP'^ YLLITE 
AMOSiT^ 
CROCIDOLITE 
(BLUEASBESTOS) 
TREMOLITE 
ACTINOUTE 
CHRYSOriLE 
(WHITE ASBESTOS) 
FORMULA 
" ' • " " " ' " " 1 
MgSi 0 (OH)^ 
7 8 22 2 
(Fe^*Mq)Si 0 (DHL 
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3* 2'' 
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2 5 8 22 2 
Ca2(MgFf)S.^0^(0HV 
Mg(Si 0 )(0H) 
3 2 5 4 ; 
1 
TABLET CLASSIFICATION OF VARIETIES OF ASBESTOS MINERALS. 
2 
example, asbestosis, lung cancer and mesothelioma. The 
identification of neoplastic disease as a consequence of 
asbestos fiber inhalation resulted in two findings of major 
significance vis-a-vis occupational and environmental diseases. 
The first relates to the universally recognized concept of 
multiple causes of cancer of all sites in man, e.g. lung 
cancer, and the second to the appearance in significant number 
of a heretofore rare form of cancer, mesothelioma. 
Silica apparently a very simple and inert molecule 
is in fact a very versatile in nature because it can afford 
both hydrophobic and hydrophilic surfaces (15). The nature 
of the surface can be greatly varied in terms of its ioni-
zation character, surface charge, degree of hydroxylation and 
hydration. All these and many more unique features make it 
an ideal adsorbent, matrix and a medium on the surface of 
which many chemical reaction can be performed, yielding many 
types of silica-containing compounds. In many naturally 
occurring compounds as silicates containing other elements in 
their compositions further add to the versatility of its 
properties. 
Because of its occurrence in abundance and wide 
distribution on this earth it is quite natural to presume 
that it must have entered into the composition of, if not 
all, many forms of life to a smaller or greater extent i.e. 
plants, animals, insects, microbes, amphibians and mammals 
etc. In actual practice, this has been found to be true. 
It plays many important metabolic and structural essential 
roles in the living system. The importance of silicon in 
living system is being increasingly realized as our experi-
mental and theoretical knowledge is expanding with the 
increase in research activity on various aspects of silicon 
with the modem tools of science. Essential role of silicon 
in mammals has been confirmed on the basis of many extensive 
studies. However, unfortunately the exact function of sili-
con in living system is not yet clear. The experimental evi-
dence suggest that silicon is important in skeletal and conne-
ctive tissues in one way or another (30, 46, 151). It seems 
that both animals and plants use silicon as cross-linking 
agent in connective tissues (153). The importance of silica 
in connective tissue is perhaps due to the fact that it gets 
bound in mucopolysaccharides in an esterlike-linkage (151), 
involving hyaluronic acid, chondraitin sulphates and the 
proteins etc. in the process. Even pectin the structural 
component of plant has shown content of silicon. 
Ever since the industrial revolution, health hazards 
faced by silicon containing particulate air pollutants in 
mining and ore processing occupations have always been alarming 
threat to the workers (91). In experimental studies too 
silicon have been shown to be toxic. The cytotoxicity of 
silicon may find plausible explanation in its strong physico-
chemical reactivity and its ability to bind many macromole-
cules and bio-molecules and modulate many of their properties 
and characteristics. Therefore, among particulate air pollu-
tants silica and silicate dusts have received maximum atten-
tion in view of their toxicolooical importance and potential 
toxicity (11^ 141, 154, 169). Regarding the toxicity of 
silica and silicate dusts, considerable information is now 
available (49, 140, 141, 164). However, inspite of several 
theories and a large number of experimental and clinical 
studies (99), the exact molecular .mechanism responsible for 
pathological changes is not yet clear. 
Goldsmith et al_, (56) in the recent review showed an 
association between occupational exposure to silica and lung 
cancer. They proposed that silica-rinduced lung cancer may 
result from fibrosis associated with silicosis, thus mimicking 
the process involved in foreignbody tumorigenesis (18). It 
might be possible that silica is acting by a more direct 
mechanism to induce neoplasia. Half a century ago Callis 
and Yule, (29) reported that the general mortality rate among 
workers who handled free silica was considerably higher than 
among workers in equally dusty occupations who handled little 
free silica, and that inhaled silica dust impaired the circu-
latory system, kidney and liver, there is other evidence that 
inhaled dust effects extrapulmonary organs. Belt (13) descri-
bed fibrotic lesions in the spleens of two work people who 
had inhaled silica dust, one spleen has accumulated 436 mg 
and other 503 mg of silica. Belt quoted early report that 
described similar finding. Fibrotic lesions in the kidney, 
liver and heart have also been observed in workers who 
inhaled silica dust (4), These inhaled silicate may be 
responsible for some ovarian tumors (5, 57). 
Asbestos fiber have reported in human liver, spleen,kidney, 
abdominal wall, small bowel wall and thyroid (55, 105) and 
in guinea pig-thyroid (16). Transport through lymphatics 
or direct penetration of the pleura have been suggested 
but a more frequent explanation is that fiber is coughed up 
from the lining, swallowed, and then penetrates the intesti-
nal wall, KlosterKoltor (95) and Gono have shown, for instance 
that inhaled quartz dust, contrary to 'inert dust', migrates 
in considerable quantity to the extrapulmonary mediastinal 
lymph nodes« These suggestions have been discussed (154 a&b), 
however, there appears to be little evidence for any of these 
theories. Ambrosi (5) suggested that the effects of inhaled 
silica on extrapulmonary organs were the result of a genera« 
lised immune reaction originating in the lung itself. 
Silicon when present in living system obviously tend 
to interact with the simple bio-molecules, macro-molecules 
and various other structures in many ways and as a result 
obviously,it would exert varied types of influences both 
simple and complicated on the living system where silicon is 
embedded. This may be taken as a very gross bases for the 
origin of silicosis, pneumoconiosis and its pathological 
manifestations. Its interactions with various bio-molecules 
silicon exercises its hydrogen-bonding ability to a greater 
extent. This pivotal characteristic of silicon has served 
as a bases for using water-soluble biologically inert organic 
polymer, such as poly(vinyl-pyridine N-oxide) (PV PNO) and 
polyvinyl pyrrolidone (PV?) as potential therapeutic measures 
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in silicosis or pneijmoconiosia because they can also form 
very very strong hydrogen bonds with the silica. 
Since the surface of solid silica attracts and 
disrupts cell membranes and causes silicosis, any covering 
or chemical modification of the surface of silica to reduce 
the adsorption of components of cell membranes, especially 
phosphatidylcholine, will also prevent the initiation of 
silicosis. This has been done in three general ways. 
(1) The addition of a water-soluble biologically inert 
organic polymer such as PV PNO, that is adsorbed on the 
silica surface even more strongly than membrane components. 
(2) The addition of a source of soliible alumina which 
is adsorbed on the silica surface and changes its chemical 
properties, making it less fibrogenic. 
(3) Covering the silica surface in advance with a chemi-
sorbed layer of any material that is not fibrogenic or 
that makes it generally inert such as a monolayer of alkyl 
groups. 
The PV PNO polymer is essentially the only material 
that has been intensively studied as an antagonist of silica 
for almost 20 years. It is probably the unique combination 
of two strongly electronegative atoms, -NO, that accounts 
for its strong interaction, probably by hydrogen-bonding, 
with -SIOH groups, as shown in the Fig !• 
Immunological reactions have been advanced as the 
cause of progressive massive fibrosis (PMF) in silicosis 
and coal workers, pneumoconiosis. The evidences for the 
CH 
/ C H CH^ 
CH— C N=0 ' HO 
\ / ! 
CHj 
I Si 
CHZZIzrCH' HO ' S 
^ C H CH^ 
CH C N = 0 ; H 0 ;S i 
^ C H : CH'^ HO I Si 
I 
Fig.1. POLY (VINYL PYRIDINE N-OXiDE)(PVpklO) 
AS AN EFFECTIVE SILICA ANTAGONIST TO 
PREVENT SILICOSIS. 
operation of immunologicel factors in the production of 
parenchymal asbestos has been summed up by Jurnen-VJarwick, 
(184). The role of immunological reaction has been demons-
trated in the formation of silicotic nodules, and the mecha-
nism operating in pulmonary reaction to inhaled. Organic 
materials were well describ d nt the New York Academic of 
Science Conference in 1972 ( 90), In brief, an increase in 
non-specific autoantibodies is seen to occur in those persons 
exposed to asbestos who have developed fibrosis, but no more 
than a trend towards an increase in those who have not 
developed clinical signs, and there is a suggestion that 
antinuclear antibodies (ANA) may act as an accelarator of 
fibrosis that has been initiated by another agent. 
Inspite of the fact that clinical and experimental 
studies have added sufficient knowledge regarding the toxic 
effects produced by silicate dusts, the mechanism of toxicity 
is not yet clear. The importance of detailed and indepth 
biochemical investigation for understanding the pathogenesis 
of diseases caused by the inhalation of silica dusts deser-
ves special attention. Some of the toxic effects produced 
by chronic inhalation of noxious silicate dusts and their 
pathogenicity could be attributed to the silicic acid diss-
olved from the dust in physiological medium (138, 139, 140) 
Therefore, the overall toxic effects of silicates may be 
quantitatively related to their solubility rate in physio-
logical fluids (165, 166). In order to correlate the 
pathogenicity of the silicate dusts with their physico-
chemical properties their solubility in biological fluids 
o 
was studied. (135). The dissolution of silica from the 
three variety of dust was compared by Rahman, Q. et al, 
(134). Silicic acid dissolved out from asbestos (137) is 
considered to be one of the factor responsible for some of 
the pathological alterations (133, 206). Thus, the mechanism 
involved in the toxicity of silicates indicates that chemical 
factors, especially the solubility of the dusts in physiolo-
gical conditions may also be involved in their toxicity. 
It is clear from the above studies that the toxicity of silicic 
acid is due to its combination with various blo-m.olecules, 
indicating some kind of interaction between the silicic acid 
and biological macromolecules, which are discussed. 
In view of the reported occurrence of silicon in many 
kinds of biological tissues, several efforts have been made 
to isolate the silicon compounds from living tissues, mole-
cular association of various compounds with silicic acid 
etCo (71). According to Holzapfel (72, 73), silicic acid 
can occur in combination with lipoid substances, cholesterol 
and galactose, formation of orthoesters of silicic acid with 
the various lipid components has also been known (94). 
These compounds appeared to be fairly stable towards hydro-
lysis and because of their lipoid nature readily adsorbed 
by tissues. 
The chemical combination of silicic acid with poly-
saccharrides not only i_n vitro but also iri vivo in animals 
and plants would be a possibility. The interaction of poly-
silicic acid with polysaccharrides gives an open field for 
investigation. It is known that silicon is bound chemically 
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in tissues with glycosaminoglyccns and polyuronides (152) 
through an esterlike linkage of SI-O-C. 
The tanning of leather with polysilicic acid and 
coagulation of albumin with colloidal silica would suggest 
hydrogen-bonding in such interactions which have been 
confirmed by many experimental studies on monolayers of 
protein and other bio-compounds (33)„ It can make multipoint 
attachments to the protein which may explain the cross-linking 
by the polysilicic acid and the rigidity of tanning caused 
into the proteins. In these binding the pH of the medium, 
the size and composition of the silica as silicic acid, 
polysilicic acid, monosilicic acid and the nature of the 
charge on the silica compounds plays an important role in 
such interactions ( 76), for examole lipoprotein can be 
removed from human sera with the colloidal silica (171). 
Singh, S.V. et al_, (167) have reported the binding of silica 
from slate dust with plasma and lung proteins. All these 
may explain to a greater extent the analytical and preparative 
values of silica and its various compounds. So many biologi-
cal and biochemical implications may be derived from the 
ability of silicic acid to denature proteins and may combine 
with serum proteins and blood proteins in its specific manner 
leading to the coagulation of blood.. Ihe toxic action of 
silicic acid interaction with proteins was due to denatura-
tion of the latter (148). The effect of silica was described 
by Morgolis (108) as due to the adsorption and denaturation 
of a globuler proteins, the Hageman factor. The proposed 
mechanism was thrt when protein is adsorbed on a larger 
silica particles or a coherent aggregate of smaller parti-
cles, the chain is stretched and certain internal hydrogen 
brnds which holds the protein molc;cules in a specific confi-
gur?ticn are broken. Its influence on blood cells, like 
erythrocytes, leading to wrinkling, dist''rtion etc m y be 
resulting from the strong binding of silica to the various 
bio-molecules on the erythrocytes surface (102). Depasse 
ana VJarlus (39) suggest that the strong b^  nding of silica 
to the surface of crythr'^ 'cyte is due to the oresence of 
quaternary ammoni-um ions in the mt^mbrane. It was also observed 
that silicic acid leaching out from silica dust could be impli-
cated as an acute factor in the lysis of erythrocytes (136), 
release of lysosomal enzyme (139) and interaction with consti-
tuents of biomembranes (142). 
The combination with specific compounds of biological 
occurrence like dl-proline which can cause its air oxidation 
to hydroxy-proline may explains some of the clinico-pathology 
of miners with silicosis, indexed by very high excretion of 
hydroxyproline in their urine (107), the total hydroxyproline 
in blood and larineserved as an index of fibrosis activity (47) . 
Similarly as shown abov-,, its combination v;ith sugars (44,74), 
vitamin C (ascorbic acid) (98) and many more bio-molecules 
make this area an interesting study. 
The combination of silica with wnzymes by simple adsorption 
or by chemical combination is a new emerging area in enzymology 
and biotechnology. Enzyme inhibition by silicic acid 
oligomers may be due eith'c:r to the active site being oriented 
toward the silica surface, or to denaturation of the 
molecule by the Morgolis mechanism. Some enzymes are inhibi-
ted by silicic acid or gelatinous silica andx some or not. 
10 
11 
King et al, (93), reported that those inhibited enzymes are 
acetylcholine esterase^ succinic dehydrogenase, esterase and 
hyaluronidase, those that are not are amylase, pancre:\tic 
lipase, pepsin, alkaline and acid phosphatases, trypsin and 
urease. 
In nodular fibrosis caused by silica in the rats, 
its interaction with RNA has been indicated by some workers 
(89). Other investigations have indicated the interactions 
of DNA, RNA with the silicic acid to the extent that it may 
be replacing nucleic acids phosphorus in a measurable extent 
through ester bonds in the carbohydrate moiety (150) as shown 
in Figure 2 The interactions of silicic acid with DPN 
and even ATP was indicated by Kersten and Staudinger (86) 
It may be added that silicic acid could influence the PsO 
quotient of rat liver mitochondria (87). Her, R.K, {11), 
has considered that silicate linkage may be different 
from phosphate with respect to stability of nucleic acid 
specially since the -Si-OH group is much less likely to be 
ionized. 
Regarding the mechanism of cytotoxicity of silica 
particles to macrophages, Allison £t aJ, (2) have concluded 
that they are toxic because they are efficiently taken 
up by the microphages and can then react relatively,rapidly 
with the membranes surrounding the secondary lysosomes. The 
particles and hydrolytic enzymes can then escape into the 
cytoplasm, producing general damage. The toxicity of silica 
particles released from the lysosomes and ultimately dis-
charged from dead macrophages is unaltered, a finding that 
I I 
DEOXYRIBOSE DEOXYRIPOSE 
I I 
0 0 
0=P-0'" HO-Si-OH 
0 0 
OEOXYfJtBOSE: DEOXYRIBOSE 
rig.2. TWO DIFFERENT TYPES OF ESTER LINKAGES IN 
THE DEOXYRIBONUCLEIC ACID DUE TO EXCHANGE 
OF Si(OH),FOR H^PO,. 
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accounts for the repeated cycles of phagocytosis macrophage 
killing and release of free silica that characterizes sili-
cosis. The continuing release of silica into the air sacs 
also increases the likelihood of penetration of air-blood 
barriers by particles in the free states. 
The follTSWing steps in the mechanism where quartz 
particles cause fibrosis were first suggested by Allison (2) 
and latter summarized by Summerton £t al, ( 174), with minor 
modifications. 
(1) The quartz particles in an alveolus is covered by 
hydrogen-bonded organic polymer material for example, 
proteins. 
(2), The coated particle is phagocytosed by a macrophage 
(taken into a white cell). 
(3) Within the macrophage a lysosome and its enzyme 
remove the coating from the particles. 
(4) Unmassed particle hydrogen bonds to certain components 
from the inner surface of the lysosome membrane which 
releases enzymes into the protoplasm, which then cause 
death and dissolution of the macrophage. 
It is clear from the above discussion that the latency 
property of lysosomal enzymes alters under pathological 
conditions involving damage to lysosomes (32), Rahman e_t al, 
(139) have shown that the latency of lysosomal enzymes aboli-
shed as asbestosis advances. The changes observed in asbes-
totic animals are not due to artifacts introduced during the 
preparation, but a true in vivo effect. It was thought that 
the dissolution of silicic acid, from the dusts may be the 
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factor responsible for the damage. This is in agreement 
with the solubility theory of pathogenesis of asbestosis(70) 
Further, the inhibitory effect of various silicate dusts on 
certain lung enzymes iri vivo and the hemolytic effect on 
sheep erythrocytes are related quantitatively atleast, to the 
dissolution of silicic acid under comparable conditions 
(135, 161), The absence of any effect of silicate dust In vitro 
the disappearance of latency iri vivo, the release of 1 'sosomal 
enzymes by silicic acid in vitro and possibly _in vivo by 
asbestos indicate that silicic acid is the likely factor influ-
encing lysosomal membrane. 
Limited studies of silica in tissues and fluids of 
cancer patients have been summarized by Voronkov, et_ aJ^ , (192), 
In neurosarcomas, the silica contents of the tumor is lower 
than elsewhere in the patients. In the pancreatic fluids 
the silica content is higher in the case of cancer, but goes 
back to normal after surgery. In cancer patients, the silica 
contents of urine is 2.5-17 times less than normal. Such M. 
observations are said to provide an early diagnosis of cancer. 
The protective action of silica in cases of cancer is suggested 
by the claims that cancer seldom begins in silica (or magne-
sium) -rich regions but frequently in calcium-rich regions 
since calcium is an antagonist of silicon. 
In view of the reported presence of silica in DNA and 
RNA and the above reported change in silica levels in cancer 
patients, some further investigation of silica as a possible 
factor in cancer is probably justified. The development of 
cancer in animals on abnormally low and abnormally high intakes 
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of monosilicic acid might provide further insights. 
The review of literature on silicates (in its various 
forms) would show that thoir biochemical, biomedical, patho-
physiological, patho-immunological etc aspects vis-a-vis, their 
chemistry, physical chemistry, physics have been extensively 
studied by investigators, A close examination of the liter-
atures, however, suggests many gaps in our knowledge in this 
area which has motivated the . present investig-'^tor, to t.-^ke 
up a study on the effect of silicic acid on DNA in its different 
states as subjected to the degradative action of the nuclease 
S- and alkaline pH. 
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1«2. Nucleic Acids and Their Role in Life Processes; 
Nucleic acids occupy a unique position in life 
processes. Their enormous importance in current biological, 
biochemical and biophysical rese?irch originates from the 
well established fact that they are hereditary determinants 
in biological reproduction and growth (8, 124), with the 
establishment of the double helical structure of DNA by 
Watson and Crick (197) it was possible to explain the process 
of cell division and many metabolic pathways in living organi-
sms. Nearly every modification of the components of nucleic 
acids^ more specifically DNA can lead to cellular metabolism 
(104). Disturbances in nucleic acid metabolism have been 
linked to the development of several well-defined pathologic 
conditions. It is safe to assxime that interference with 
synthesis structure and degradation of cellular DNA and RNA 
offen plays a key role in the causing of disease. 
There are two major classes of nucleic acids (DNA 
and RNA/ which differ in chemical structure mainly in the 
sugars (2'-deoxy-ribofuranose and rlbofuranose) and in bio-
logical function. The three dimensional structures of nucleic 
acids are influenced by the electronic and confirmatlonal 
properties of both the bases and the sugar-phosphate-sugar 
backbone/ the latter to a large degree determines the nature 
of interbase interactions. It is known that the single 
bonded backbone with its infinite rotational possibilities is 
restricted to a few preferred conformations because of corre-
lated motions. The less preferred conformations are also 
allowed, while the preferred conformations are ± Inherent 
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to regular double and single stranded helical structures, 
there are less preferred conformations essential for the 
formation of bonds. Rinks and hairpin loops (175). 
Nucleic acids are macromolucules consisting of a 
backbone of sugar and phosphate to which the different bases 
arc attached. There arc mainly four bases, adenine, guanine, 
cytosine and thymine (uracil instead of thymine in case of 
RNA). In the double helical structure of DMA, the base 
sequences in opposing strands are such as to allow hydrogen 
bonding between the complementary base pairs, A-T and G-C. 
The bases are p-^ cked inside the helix whereas the negative 
phosphate groups face the aqueous solution. The basic units 
which when linked together for the nucleic acids are called 
nucleotides. A nucleotide consists or a base^ a sugar moiety 
and phosphate group which are linked together by phosphodiestor 
linkages of 3'-hydroxyl groyp of one nucleotide to the 5''-
hydroxyl group of the adjacent nucleotide. Polymerisation of 
these nucleotides, through covalent bonding between phosphate 
of one nucleotide and sugar of the next and with hydrogen 
bonding between specific purine and pyrimidine base pairs 
(A-T and G-C), leads to the formation of DNA structure. Each 
base pair contains 10 A electrons and the base pairs are piled 
one on the other as a pile of coins with interplane spacing 
o 
of 3,4 A (41). The two polynucleotide chains are wound 
around each other in a fashion to give rise to a right handed 
helix. This structure is known as double helical structure 
of DNA proposed by Waston and Crick in 1953 (197). 
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This structure of DNA not only provided a structural 
model which explained many of its observed chemical and phy-
sical properties but also suggested the mechanism is for self 
duplication or replication (124) „ The union of the two consti-
tuent strands of the DNA double h.-lix is not mediated by cova-
lent linkages but by complementary base pair interactions» 
Hence it was possible to propose a template for the assembly 
and subsequent polymerisation of the complementry nucleotides 
(35), 
The double helical structure of DNA can assiome different 
forms depending on the nature of neighbouring environment. But 
the different forms can be reduced into two types known as A 
and B types respectively. These are shown in Figure 3. 
DNA occurs in the nucleus of the cell as a nucleoprotein 
complex. Since DNA is highly negatively charged due to the 
presence of thephosphate groups, the associated proteins fre-
quently contain a high proportion of basic residues such as 
lysine in the case of histones. After removal of the proteins, 
the molecular weight of the JTf^ A is found to be in the range of 
6 9 
10 -10 daltons depending on the source. It is thought that 
all the genetic information is carried by a single length of 
DNA in the cell nucleus which consists of two associated DNA 
chains in a doxible helical fonformation. DNA is also found in 
certain viruses, where it can be either single stranded or 
double helical. In some viruses the ends of DNA chains may be 
covalently linked together to give cyclic molecules. For example 
<PX 174 phage (a bacterial virus) contains single strand 
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cyclic DNA with a molecular weight of 1.7 X 10 ; polyoma 
virus DNA is doiible stranded. DNA from T^ phage has a 
molecular w..ight of 1.3 X 10 (193). DNA is a double 
stranded helix or dupler v/ith a diameter of about 20 A. 
A turn of the helix encomoasstjs abo\jt ten nucleotide- pairs 
but this number v"rics slightly, depending on conditions 
with important consequences for cyclic DNAs, In the helix 
the two strjnds are complementary and antiparallel i.e. 
with inverse polarity. The structure of a polydeoxyri-
bonculeotide is shown in Fig 4,, 
RNA serves a voriety of functions in the cell in 
the translation of the genetic message contained in the 
nuclear DNA. Certain RNA's with molecular weights in the 
range 0.6-2.0X10 deltons are found aloncwith protein in 
the cytoplasmic particles known as ribosomes. These stru-
ctures serve as the sites for protein synthesis and the RNA 
extracted therefrom is termed as ribosomal RNA (rRNA). The 
so called messenger RNA (m RNA), which has a base sequence 
equivalent to sections of the nuclenr DWA, has molecular 
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weights of the order of 5X10 . Ribonucleic acids with small 
molecular weights are also extracted from cells. These 
include transfer RNA ( tRNA) molecules, which consist of 
single chains of 75-85 nucleotides. Complete base sequences 
have been determined for some of these tRNA molecules (36). 
The structure of DNA reveals that there are -.two 
potential electron donor sites for interaction (1) the 
phosphate groups of the ribose phosphate backbone and (2) 
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the heterocyclic bases which contain the oxygen and the 
nitrogen donor atoms as well as electrons. The base 
residue allows co-ordination while the phosphate moiety 
mainly causes electrostatic interactions. A third possi-
bility is desplayed by the intermediate complex where 
both the phosphate chains and the ring are involved . The 
ribose residue can be considered as a fourth binding site (162) 
Chemical agents influence the effectiveness of DNA 
in quite different ways. Some chemical compoiinds can replace 
natural components of DNA^ usually the bases, but these are 
other substances which donot change the components of DNA 
but repair their biological functioning by changing their 
configuration or offering steric hindrance (84). Nucleic 
acids function through interaction with other substances, 
transcription and translation, for example, require enzyme 
systems for read out of genetic information by recognition 
of complementary base pairing. Also, genetic control can be 
exercised by substances that bind to particular regions of a 
DNA molecules. Considerable work has been done on the binding 
of smaller simpler molecules to nucleic acids, revealing 
many general features of nucleic acid interactions and forming 
an essential basis for future development of this important 
field (129). 
The biochemistry of DNA is frequently associated with 
its interaction with metal cations. Not only replication of 
DNA but every step in the utilisation of genetic code for 
the eventual production of proteins specified by code is 
governed by the presence of metal ions. Translation and 
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transcription processes are also mediated by metal ions. 
Genetic control can also be exercised by substances that 
bind to patticular regions of a DNA molecule. 
1.3. Cellular Targets for Gene toxic Agents in Eukaryotic Cells 
Living organisms are divided into two large 
categories namely, prokaryotes like bacteria where the 
genetic material i.e. DNA is free within the cell, and the 
Eukaryotes in which genetic information is cased into compart-
ments » Most of this genetic material is located in the nu-
cleus and is arranged in complex molecular structures, the 
chromosomes, consisting of DNA and specific proteins. 
Additional genetic information can be found in other organ-
elles like mitochondria, the site of the cellular respiratory 
activity. The genetic information in prokaryotes and eukaryo-
tes is laid down in the base sequence of DNA and consequently, 
DNA is the uniform and ubiquitous genetic material of all 
cellular organisms. However, when it comes to genetic 
damnge, DNA is not the only chemical target. Especially the 
highly complex spatial structure of the genetic elements in 
eukaryotes and also the regular distribution of genetic 
elements during cell dividion require additional molecules 
and provide additional targets; Chromatin (DNA + protein), 
spindel fiber apparatus for the orderly distribution of 
chromosomes during cell division (protein, membranes) and 
also organelles whose structural and functional integrity, 
requires intact membranes (DNA, proteins, membranes). 
Each one of the different constituents is a primar^ T- target 
for disjfuption of genetic integrity. In addition to direct 
effects, agents can interfere with various metabolic 
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reactions like those involved in replication of DNA, 
expression of genetic information in the process of 
transcribing DNA base sequences into RNA sequences and 
finally in the formation c'^  functional and specific proteins 
Al-1 this is called maciromolecular synthesis. It is importont 
for any cell that macromoleculrr synthesis follows the 
genetic blue print accurately. Faulty enzymes can commit 
mistakes in macromolecular synthesis which will result in 
increased genetic damage and mutationo 
Many chemicals of natural or synthetic origin and air 
pollutants have adverse effects on living organisms including 
man. Such toxic effects often results in a more or less 
immediate reaction to the exposure„ The carcinogenic action 
of a given agent can become manifest only years after exposure, 
Induction of genetic damage may result in very rapid response 
within the exposed cells but expression can come late, and in 
the context of genetics late means generation after the 
original incident. The delayed reaction is the case of carci-
nogenic agents and the delayed expression of genetic damage 
has made it very difficult to identify agents which induce 
cancer, carcinogens and agents which induce genetic damage, 
mutagens. An additional aggravating property of carcinogenic 
and mutagenic agents is that their carcinogenic and mutagenic 
activities can be exerted by low dose which induce no other 
detectable reactions. When it become obvious that there v;as 
a need to screen agents for genetic activities, it was 
proposed to develop tests to detect chemical alteration in 
DNA. The tests have to be biological and based on well 
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defined biological reaction. 
The types of chemical reactions found in genotoxic or 
mutagenic agents are numerous. Most prominent are alkylation^ 
deamination and also radic^ .i recictions vjitn DNA itself. Also 
important but not very frequent are chemicals which are 
analogs of natural components of DNA, such as 5-bromourasil get 
incorporated into the DNA and thus may cause higher rates of 
errors during replication and transcription than their natural 
counterparts. Considerable knowledge has been elaborated on 
such direct effects on DNA. Much less defined are chemical 
reaction with other components of chromosome and chromatin 
structure in general. The least understood effects are those 
exerted directly via interference v/ith the enzymatic machinery 
of DNA metabolism. And finally, hardly anything is known about 
chemicals which interact with lipid membrane and cause genetic 
effects via lipid membranes as yrimairy targets. 
The genotoxic agents may cause single-strand break 
and degradation of bio-po""'nner in the cells in physiological 
condition. It is difficult to argue that singlerstrand breaks 
result in tumor formation since the role of molecular alter-
ations of DNA in carcinogenisis is complex. One can visualize 
i how an agent that alters base pairing, intercalates into 
the DNA helix, or causes structural defects such as cross-
linking may lead to mispalring and eventual transformation. 
DNA and the Origin of Cancer 
Cancer^ as an ultimate result of exposure to chemicals 
and air pollutants has been described for at least 200 years 
and it has probably existed as long as man. It must be 
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emphasized that upto 90% of human cancer may be caused by 
exposure to environmental chemicals and air pollutants. 
Cancer emerges as one of the most common causes of death 
in late life. Little is ""^ nown about the ohemical and bio-
chemical reaction of different classes of carcinogenic 
chemicals, or their metabolites with the cellular components. 
The covalents binding of a reactive group to a nucleotide in 
an informational macromolecule is the initiation stai^ e of 
carcinogenesis. However, following this initial binding 
there are many factors that influence whether the nucleic 
acid modification will Ic^ id to cancer. Among these factors 
are repair, promotion, inhibition, and genetic susceptibility, 
Thus, cancer is termed as a multifactorial disease. 
Therefore, the term carcinogenisisis a multi step process 
initiated by DNA damage, gene mutation, gene rearrangement 
and gene translocation and ending with phenotypic transfor-
mation to cancer cells. A tumor cell is a persistently 
altered cell against the growth of which there is no 
adequate control mechanisi in the host. Thus, during the 
transitionf from a normal to a tumor cell, there occurs a 
profound and permanent change that is transmitted from cell 
to cell for many generations, allowing the tumor cell to be 
autonomous, i.e. to determine its own activities irrespective 
of the lawa that so precisely govern the growth of normal 
cells (19). Therefore, it seems inescapable that the 
carcinogen must alter the expression of the genome and 
thus the phenotype. It is not known whether this alteration 
of expression of the genome results from a somatic mutation 
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or from ••.epigenetic alterations or from a combination of 
both mechanisms. While the aim of understanding cancer is 
to prevent it in man. The possible mechanism of carcinogoni-
sis is shown in Fig 5, 
It is clear from the extensive research that during 
the past 10 years, attention has focus^ ad ever more intensely 
on DNA as the critical cellular target for the. action of 
chemical carcinogens. A combination of factors has contri-
buted to the understanding of the relationship between the 
interaction of carcinogens with DNA and the carcinogenesis 
process. It is accepted that ultimate carcinogens/ whether 
metabolites or directly acting compound are mutagens i.e. 
using one or more of a variety of test systems, the chemical 
can be shown to cause a heritable change in the gen-tic 
material. However, many effective mutagens such as sodium 
nitrate have not at this time been found to be carcinogenic. 
This may be due to the fact that mutation can be achieved by 
direct modification of a biologically active nucleic acid in 
vitro while carcinogenesis is the end result of a long series 
of biological processes. Mutation can confer a gen.tic advan-
tage, "as well as disadvanrage. The mutations we observed are 
usually detected as errors. 
Genetic diseases that can be shewn to result from 
mutation are by no means uncommon and it has beenH estimated 
that as many as 2% of live births include dominant recessive, 
X-linked, or chromosomal abnormalities. It has been established 
biochemically that a simple amino acid exchange in hemoglobin 
is responsible for sickle cell anemia. It had been suggested 
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by Boveri (17) as early as 1914 that, carcin ^ gens could 
bring about the transformation of a normal cell into a 
tumorigenic one by introducing a mutational events, an alter-
ation in the hereditary material. This was logical expla-
nation as to why there are so many different kinds of tumors 
and as to why the progeny cells derived from a tumor are 
themselves tumorigenic. 
Cellular DNA repair processes plays a role in the 
carcinogenisis process. DNA repair can alter the frequency (1) 
of somatic cell mutation induced by carcinogens (2) of oncogenic 
transformation of cells in culture by these agents^ and finally 
(3) of tumor induction in animals and in man The genetic 
susceptibility to certain forms of cancer and the occurrence 
of some familiar cancers are also consistent with the hypothe-
sis that the initiation process proceeds via a genetic change 
(96). 
Knudson has suggested from analysis of such disorders 
that the initiation of two Mutational event , the first of 
which may or may not be inherited (96). In the same way 
experimental carcinogenisis studies have led to the suggestion 
that two mutations are required for initiation and five to six 
mutation for further development of carcinogenisis (28,183). 
Burdette (25) concluded that there was no correlation between 
carcinogens and mutagens. 
Some possible interaction of carcinogens with DNA 
are as follows?-
26 
1.4.1. Non-Covalent Interactions of Carcinogens with Nuclear 
DNA 
It is v;oll known that chemical carcinogenesis may 
also resuLt from non-cove ant interactior betv/een chemical 
carcinogens and DNA„ There are certain compounds which 
non-covalently bind to DNA, possesses biological activity 
(82). Such non-covalent interactions may take the form cf 
intercalation of of external binding of the carcinogen. 
The covalent linkage of chemical carcinogens like tricyclo-
quinazoline (9), purine-N-oxides (119) and anthracycline 
antibiotics (180) to DNA is not yet possible to demonstrate 
The role of non-covalent interaction in chemical carcino-
gensis is not well known. There is no strong relationship 
between the carcinogenicity of various polycyclic hydro-
carbons and their ability to intercalate into the DNA in 
vitro (82) and compounds such as the acridine dyes and 
ethidium bromide, which bind firTrily but non-covolently to 
macromolecules, are not carcinogen (20). 
It is also known thar the interaction of the anti-
tumor, antibiotics, admamycin into DNA interact non-covalen-
tly may initiate oncogenesis (116). It is also reported 
that admamycin is a strong oncogen, inducing mammary tumors 
in rats as well as in. vitro mutagenesis and malignant 
transformation in mammalian cells (115, 117) . 
1.4.2.Covalent Interaction of Carcinogens with Nuclear DNA and 
its Repair 
Heidelberger and Davenport reported in 1961 for the 
first time that carcinogenic hydrocarbons bound covalently 
to mouse skin DNA (67). 
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Therefore, it has become axiomatic that most chemical 
carcinogens in their ultimate form, i.e. after metabolic 
activation, are electropilic and react covalently with nega-
tive charged regions in hos cell DNA (82, 126) and often 
interfere v/ith its synthesis (115) . Thus many types of DNA 
damage have been produced by physical or by chemical agents. 
However, the correlation of certain types of damage v;ith 
carcinogenicity have not yet been successful. While, qualita-
tively, ultimate carcinogens do react with DNA, quantitatively., 
the capacity of carcinogens to react with DNA, does not corre-
late well with their carcinogenic potency. 
It seems that vejry specific binding sites of DNA, 
which have not yet been elucidated, play an important role 
(163, 178). Repair of carcinogen-induced DNA damage may be 
as important for tumor development as the production of the 
initial DNA damage, as the ability of chemicals to covalently 
react with DNA. It is assumed that no species or individual 
organisms have DNA molecules that are refr^ 'ctory to deleterious 
environmental agents, one or more DNA repair systems must be 
available for the maintenance of genetic integrity.. 
1.^.3.Interaction of Carcinogens with Replicating Nuclear DNA 
The somatic mutation theory of chemical carcinogenisis 
is further supported by observations indicating that prolifer-
ating cells, possibly even replicating DNA, may be the initial 
site of attack by chemical carcinogens (113, 114). Cytotoxic 
effects of chemicals and air pollutants in cells renewal 
systems, which often indicate an early interference with 
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DNA synthesis, frequently suggest the possibility that a 
mutagenic/carcinogenic hazard exists. Thus, there is 
evidence which suggestes that DNA replication and cell 
division may play an import .nt role in th€ process of malignant 
transformation (132, 196) . 
1.4.4„ Interaction of Carcinogens with Cytoplasmic DNA 
It is suggested that mitochondria, especially mitochon-
drial DNA, may play a role in oncogenisis. 
(a) Damage to the mitochondria may lead to the release 
of its genome, enabling mitochondrial DNA, like 
viral DNA, to infect the nucleus (62) , and carcinogens 
are known to damage mitochondria (63) and 
(b) Mitochondrial genes, altered by mutation, may lead to 
aberrant cell membranes, and thus to malignant 
transformation (200) o In support O'L this theory 
that cytoplasmic mutation are involved in carcinogenesis 
preferential methylation of mitochondrial DNA by N-methyl-
N-nitrosourea (202) nd dimethylnit. 3samine (203) has 
been observed. 
1 • 4. 5. Interaction of Heteropoly_anions with Nucleic Acids 
The interaction of heteropolyanions with nucleic 
acids has been studied using UV, Tm, viscosity and circular 
dichroism methods. It is evident that different heteropoly-
anions behave differently in so far as shift in ' max of DNA 
and clOD values are concerned. The values of wavelengths 
of maximxam absorption (^max), shift in A,max as well as the 
Z\ OD (difference in the absorbance of DNA in the absence and 
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presence of heteropolyanions) are well known. lEhe shift 
in /Nmax of nucleic acids, leads to the possibility of the 
interaction behaviour of heteropolyanions" with DNA and RNA 
both. Considerable increase in /v.max with denatured DNA 
occurs as an involvement of the bases of DNA in this process 
The decrease in Tm by heteropolyanions relates to their 
destabilizing effect on DNA. In this respect it behaves 
differently as compared to alkali and alkaline earth metal 
cations which increase the Tm of DNA and are considered to 
strongest stabilizers of DNA (40, 42, 186) destabilizing 
effect of Cu on Tm of DNA has earlier been observed 
(34, 43, 68) whose behaviour is analogous to the behaviour 
of heteropolyanions. 
The increase in hyperchromicity produced by hetero-
polyanions can then easily be accounted for since the 
hypochromisms of the DNA helix molecule is caused by a 
specific orientation of the stacked base -^ airs and their 
interactions (146, 182) . One could supi :>se an alteration 
of the base pairs in the DNA by these heteropolyanions. 
If heteropolyanions interact with the bases in the DNA 
molecules, then their electronic structure is perturbed. 
This lead to a change of the hyperchromicity since the 
electronic structure of the stacked bases is respobsible, 
as chromophores, for the light absorption. 
Due to the interaction of heteropolyanions with, 
DNA, the unstacking of the bases seems to occur. The 
disruption of the hydrogen bonds between the bases^f 
DNA leads to the decrease in ellipticity. 
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The mode of interaction of heteropolyanions v/ith DNA 
is such that the conformational status of the DN/i is main-
tained. The behaviour is unlike the behaviour of henvy 
metals like Hg, Cu and Ag (211) which produce distortion in 
the CD spectrum of DNA, These distorted form did not 
concide with any known forms of DNA. 
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1.5 Use of Alkaline Hydrolysis In Determining theApurinic 
Sites in DNA 
The process by v/hich purines are lost by hydrolysis 
of the glycosidic linka' is of DNA is Celled depunination 
and the sites created in the DNA molecule by the loss of 
the purunes is knov/n as apurinic sites. This process can 
take place at acidic pH values (48, 179) as an inverse 
function of pH and ionic strength but directly proportional 
to the temperature (59). Apurinic sites are also created 
in the DNA molecules by slow spontaneous hydrolysis of the 
purine glycosidic bonds at neutral pH (106). The mechanism 
of depurination is shown in Fig 6 . 
Depurination of DNA and DNA constituents by heat in 
solution and in the dry state, has also been observed. It 
has been shown that the heating can induce mutation in 
dry cells and spores Quantitative experiments have indi-
cated that approximately 30 molecules of purine are liber-
ated per molecule of DNA, probably by the pyrolytic breakage 
of the-N-glycosidic bond and, or destruction of the sugars 
Thus, depurination by heat may be considered a possible 
cause of spontaneous mutation and may take place in 
resting cells since the alteration can be: registered in 
the absence of DNA synthesis. Heat, which a prior may 
have appeared to act indiscriminately, has now been shown 
to cause highly specific changes in the component of the 
cell that carries the genetic information. In solution 
and in the dry state, the nature and the extent of 
depurination of DNA by heat differs from that of the 
constituents deoxymononucleotides. 
HO-CH, o y _ , 
OH 
©HO-CH, 0. ,BH 
® 
"If 
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Fig. 6. POSTULATED MECHANISM FOR ACID CATALYZED HYDROLYSIS 
OF THE GLYCOSYL BOND OF NUCLEOTIDES. THIS MECHANISM 
ALSO APPLIES TO DEPURINATIONAND DEPYRIMIDINATION OF 
NUCLEIE ACID AT NEUTRALITY'S* INDICATES ANY BASE. 
Figure ADAPTED FROM SHAPIRO AND DANZING [155^ . 
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A new mechanism of mutagenesis was proposed by the 
Greer and ZamenhoEin a study as the depurination of DNA 
by heat at physiological pH (58)„ These conditions were 
found previously to be highly mutagenic (209). 
The breakage of hydrogen bond at elevated temperature 
could readily account for a major part of the rapid loss 
of transforming activity which occurs when DNA is heated, 
for, more subtle modifications, however, namely the altcrrtion 
of genetic information resulting in mutation and the slow 
inactivation of transforming principle that occurs before 
and after collapse of the DNA molecules, a finer change in 
the information-carrying components of the primajry structure 
was implicated. These studies showed that the release of 
o 
purines which is known to occur at low pH at 23 C (179) could 
take place at higher temperature at physiological pHo The 
studies which relates changi,s in primary structure to secon-
dajry structure of DNA, transforming activity of DNA and in 
vivo mutagenesis of bact ial cells and ; oores has been done 
by Zamenhof and Ephrati-Ellzur crt a_l, (45, 210) . It was 
found that there is correlation between depurination and 
changes in the viscosity and transfonning activity of DNA 
and the nature and extent of heat-induced mutational sites 
(59) » Therefore, one m.ust consider the possibility that 
the release of purines tike place in DNA molecules that 
have suffered greater than average damage to their secondary 
str-ucture. 
Zamenhof &t ^ , (207) , Zamenhal, Griboff and Murullo 
(20S) and Mormur Schildkrant and Doty (111) have shown 
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that the critical ternperaturc of denaturation is markedly 
lowered when DNA is heated in solutions of low ionic stren-
gth. 
Depurination, which appears to occur throughout the 
entire molecule of DNA, resxalts in most conditions in a 
slightly greater liberation of guanine compared with 
adenine. This is consistent with the data of Tamm et. al/ 
(179). It was also observed that in most conditions of 
heating, slightly mere guanine was released than adenine. 
The extent of depunation was unaffected by incorporation of 
5-bromouracil into the DNA. 
The DNA chain is susceptible to alkaline hydrolysis 
at apurinic sites, and chain breakage at neutral pH occurs 
preferentially at such s?tes (1, 187). While such cleavage 
o 
is still a slov? reaction in neutral phosphate buffer at 37 C 
2+ 
(97b) , the reaction is m.ore rapid in the presence of Mg 
ions (180) primary amine (173, 181) hic'^  concentrations 
of basic proteins (190) or several aldehydic reagents (103). 
According to the studies of Tamm, Shapiro, Lirshitz 
and Chargnff (281) and discussed by Brown and Todd (22) it 
was shown that upon addition of mild alkali, the free alde-
hyde of apurinic acid undergo B-elimination reactions v/hich 
ultimately results in phospho-diester bond cleavage. It is 
also known that the extent of depurination with the heat 
and acid is same and depurination occurs not only at the 
tenninal sites of DNA, but over the entire molecule or 
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fragments that arc made after such heat or acid treatment. 
Treatment of depurinat^d DNA with NaBH. prevented 
cheavage of the phosphodiester bonds in alkali due to the 
p-elimination reaction. The stabilization was considered 
to be due to the reduction of the aldehyde grovro of the 
deoxyriboso to the alcohol (201). Therefore, other reeictions 
with the aldehyde group of the depurinated DNA might also 
stabilize the DNA in alkali and further more this .. treated 
DNA might be a substrata for endoncleage II of E. coli. 
It has been suggested that the cellular DNA may be 
spontaneously undergoing some depurinotion under physiological 
conditions (101), Depurination of DNA and its renair has been 
the subject of some interest in the recent past (6, 149, 188, 
189). Endonuclease specific for apuninic sites that may 
have a role in the repair of such sites, have been shown to 
exist in bacterial and mammalian cells (61). This enzyme was 
purified from the bacteria" crude extract y^ the method used 
by Friedberg e;t al^, (50) for the preparation of endonuclease 
II. The purified enzyme had no action on normal DNA and 
that its action on alkylated DNA was greatly .inhanced when 
some of the alkylated sites were replaced by apurinjc sites 
resulting from the depurination process 
Lindahl and Anderson (100) have also found in calf 
thymus, an enzyme which hydrolyse apurinic sites in DNA, 
The discovery of the nuclease for apuninic sites in 
plants, animals and bacteria suggests that the enzyme is 
present in all cells. 
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The ubiquitous presonce of the nuclease for apurinic sites 
may be correlated with the spontaneous depurination of DNA 
in vivo. 
According to Lindahl and Nyberg (101) the probability 
-7 -1 ° 
that a DNA purine bo lost is about 10 h at 37 C and pH 
7" the integrity of the genetic information necessary for 
cell survival thus seems to require a maintenance system 
in each cell for the continuous repair of the apurinic sites 
appearing in the DNA. 
The DNA chain is sensitive to alkaline hydrolysis at 
apurinic sites, but spontaneous chain cleavage at such sites 
o 
is a very slow reaction at 37 C and pH 7.4 (100). At 
alkaline pH, the apurinic sites is converted irto a single 
strand break by hydrclvr>is of a neighbouring phosphodiester 
bond (181). It is known thatalkylatcd DN<\ spontaneously 
loses alkylated purines (97a), and the apurinic sites created 
in DNA molecules are quickj./ hydrolysed in an alkaline solu-
tion (181) . Exposure of DNA in vivo or iri vitro to alkylating 
agents or to nitrous acid leads to the formation of purine 
nucleotide derivatives with a l?bilt. purine sugar glycosidic 
linkage, such as the nucleotide deriv-'tiv..;s of 3-methyladoninu, 
7-methylguanine and xanthin.- and thus to great increases in 
the rate of DNA depurination (26, 97a). 
It was further demonstrated by R.Y. Rizvi et al, 
(147) that the cleavage of depurinated DNA by chicken 
liver crude extract was mostly directed towards apurinic 
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sites as also happens in alkali treatment. Thus, the two 
reagents (i.e. alkali and nuclease in chicken liver crudo 
extract) attack the same sites (i.e. apurinic) in depuri-
natod DNA molecules. The procedure of heating DNA at pH 
3.5 for the preparation of depurinated DNA results in the 
o 
complete denaturaticn of DNA at 52 C (61)„ 
Depurinations of DNA are lethal as it may lead to 
interstrand crosslinks preventing DNA replication. It was 
shown by using nitrogen mustard (a difunctional alkylating 
agent) th.-'-t a DNA interstrand crosslink was always an inacti-
vation hit for the T7 coliphage (187), crosslinks between 
DNA strands did not appeared, however, as a significant cause 
of delayed inactivation with m.onofunctional alkylating agents 
at pH 7, 1 crosslink was formed per 140 apurinic sites (27). 
It was thought that depurination itself was the inactivation 
hit. It was not expected that an apurinic sites localized in 
only one strand can interf re directly with the DNA replication, 
but rather thought that depurination must exert its toxicity 
either at the transcriptional or at the translational Jovel. 
The apurinic sites created at the DNA molecules is 
toxic as at the transcriptional level, the apurinic sites 
stops the progression of the RNA polymerase along its tom-
late Mament-Bratley, M.D. (106), had shown that apurinic 
sites in T7 coliphage DNA reduce the amount of RNA synthe-
sized by E. coli, RNA polymerase without alteration of the 
initiation specificity. It was supposed that deletion of 
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one nucleotide in the synthesized RNA would lead to a 
frameshift ^t the transl-^itional step. Even if apurinic 
sites in DNA e n bo shown to be toxic i^n vitro (i.e. prevent 
the elaboration of a functional protein in a system capable 
of RNA and protein synthesis) the situation might be djff.-r-
ent in vivOo The apurinic site might lead to •" singlj-
strand break responsible for the premature release of a 
unfinished RNA leading to a non-functional protein. 
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-'• • ^ • S_l nuclease as an important tool in analyzing localized 
regions of denaturation in nNA molecule 
S^ nuclease (from Aspergillus oryzae) has been used 
as a valuable tool for probing the structure of nucleic 
acids (10, 54, 88, 122, 194), as it has a high degree of 
cleavage specificity for single stra'^ d^ed DNA and for duplex 
DNA containing single-stranded or v/eakly hydrogen bonded 
regions. Thus, the best evidence for the localized regions 
of denaturation in double-stranded DNA modified by bukly 
carcinogens comes from using this enzyme. This enzyme 
splits only single-stranded regions on the modified bio-
polymer. Therefore, by measuring kinetics of digestion of 
a modified DNA, information can be obtained concerning the 
extent to which DNA is in native or a partially denatured 
forms. The single strandedness which is produced in the 
depurinated DNA is active site for S. nuclease as shown 
in Fig 7. One unit of the enzyme, S^ nuclease is defined 
as the amount of S-, nuclease required to digest 1% of the 
DNA substrate in 10 minutes (177). Also the radioactivity 
released by S^ nuclease is expressed as the percentage 
of acid-soluble radioactivity. 
S- nuclease is a heat stable glycoprotein and it 
+-f 
requires Zn for maximum activity. It exhibits activity 
over a broad range of pH v;ith maximal activity at pH 4.3-
4.6. As it is well known that S^ nuclease selectively 
hydrolyzes single stranded DNA, RNA, ^AMP and 2* AMP in 
acidic medium. Ribonucleotides are hydrolyzed 100 fold 
APURINIC SITE -> 
DEPURINATION 
^AS 
Fig. 7. DEPUI NATION OF DNA WILL WEAKEN THE DOUBLE STRANDED 
STRUCTURE AND MAKE IT VULNERABLE TO DNAaso. ACTION 
[ 147 3 DEPURINATION OF DNA CAUSES LOSS OF PURINE 
BASES AND WEAKENING OF THE HYDROGEIsf-BONDS 
BETWEEN THE BASE PAIRS THU5 DESTABIUZE THE SECONDARY 
STRUCTURE OF DNA. 
more rnpidly than deoxyribonucleotide. The work of Ando 
showed that the predominant final products '"'f the nuclease 
S^ reaction are 5-mononucleotides, suggesting that this 
enzyme might be an exonuclease (7), 
S^ nuclease specificity from'aspergillus oryzae" 
has been extensively studied by Weigand, RoC. et al,(199). 
The enzyme is highly specific for single-stranded DNA and the 
rate cf breakage of phosphcdiester bends in single stranded 
DNA is atleast 75,000 times greater than that in double 
stranded DNA. They have described conditions for digesting 
single~stranded DNA by S^ nuclease without introducing 
breaks in the double-stranded DNA, 
Shishido and Ando (159) observed the cleavage of 
ultraviolet-irradiated DNA suggesting that S^ nuclease makes 
many single-stranded breaks in duplex DNA as a result of its 
ultraviolet-irradiation which generate single-stranded regions 
in the bicpolym.er. It has been shown that the superhelical 
DNA of |)X174 (Fo2:Tn I) is ccnvcrtt^d to a relaxed circular mole--
cule (Form II), and then t a linear molecule (Form III)by 
cleavage at one site per molecule on treatment with S^nuclease. 
The cleavage products of S^ nuclease action on ^X174 DNA can 
be separated by sucrose gradient density centrifugation (199). 
Godson also reported that |)X 174 DNA is cleaved by Si nuclease 
Mechali, M. et a_l, (122) and Beard, P. e^ al_, (10) ,described 
the cleavage of superhelical SV40 DNA by S^ nuclease. 
Germond, J,R. et a_l, (54) found that S- nuclease cleaved 
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superhelical polyoma DNA. In the case of super-helical 
DNA, the cleavage appears to be limited largely to one or 
two cuts necessary to convert superhelical DNA to a relaxed 
circular form or to a linear form, '^Q limited action of 
S- nuclec?se cleavage may be due to some peculiarity of 
superhelical DNA, Smith, H.O. and WiJcox, KoV/„ (168),have 
reported that the cleavage of S^ nuclease occured at mere 
than a few specific sites. 
Discontinuties in cellular DNA as a results of 
treatment of human lymphoid cells with methylmethane 
sulfonate (MMS) can be detected by sedimentation through 
neutral sucrose gradients after digestion with S. nuclease 
In these studies they have used S^ nuclease which is applied 
to lysates on the top of a gradient for the analysis of 
single-strand interruptions induced by chemical carcinogens. 
In combination with the MC Grath-Williams technique(12) this 
enzyme treatment is a us ful analytical tool for exposing 
single-strand breaks. The S.-sensitive sites were present 
in "'. the cellular DNA as produced by MMS treatment. 
Addition of aromatic adducts to DNA was not S- sensitive 
S^ nuclease retained 90% of its activity towards denatured 
DNA under the experimental conditions of digestion. This 
investigation also emphasizes the utility of single-strand 
specific nuclease for the detection of strand interruptions 
in- the DNA, This technicrue was used by Mc^neghini, R. (123), 
using purified DNA and the neurospora endonuclease for the 
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detection of interruption in newly synthesized DNA. S. 
nuclease has been used by Sheridan and Huang (157), to 
measure repair by determining the resistance to alkaline 
denaturation of DNA with varying numbers of breaks. 
The solvents viz., formaldehyde, formamide and glyoxal 
which perturb ordestabilize thesecondary structure of DKA 
are used for measuringor quantitating the varying amounts 
of single-strandedness introduced into the DNA molecule. 
Thus formaldehyde and other solvents can be used as a 
chemical probe for determining the number of "open base 
pairs in double helical DNA at temperatures below the Tm of 
the DNA as formaldehyde reacts preferentially v/ith base in 
"open" regions of the helix. The enz;^fm:ie S^ nuclease v;as 
able to degrade single-stranded DNA in: the presence of 
various concentration of formialdehyde, formamide and glyoxal, 
It was further shown that S. nuclease can be used;-
(1) In the presence of formaldehyde to generate 
cleavage products from partially denatured duplex 
D.XIA. 
(2) To obtain thermal-melting profile in the presence 
of formamide. 
S- nuclease works efficiently at formaldehyde 
concentration upto or less than 5% but its activity is 
sufficiently reduced at higher concentration (10-20%). 
The activity of S-^  nuclease in denaturating solvents has 
been proved by Hutton, J.R. and Wetmur, J.R. (75). The 
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The methods for studying partially denatured DNA usually 
requires s-me me-^ ns of stabilizing disordered regions. This 
is why because the locally destabilized regions of a partially 
denatured DNA molecule exist in equilibrium with the remain-
ing duplex structure and are able to renature (53) „ Thcsrefore, 
the above solvents vfere used for stabilizing the disordered 
regions in the study of partially denatured DNA„ Chemical 
modificTtion of the nucleotides in unpaired strands has bv_en 
effected by formaldehyde (60,65,185) or glyoxal (21, 128, 
155a). It was observed that at 20% formamide concentration 
significant decline in the rate of digestion of substrate is 
observed which is drastically reduced at 30% and is almost 
zero at 40% or 50% formamide. The mid-range melting temper-
o 
ature (Tm) of DNA was reduced by 0.6-0.7 C for each percent 
of formamide addition (118), Glyoxal can form a stable 
adduct with non H-bondad guanine residues analogous to the 
reaction of formaldehyde with cytosine and guanineo There-
fore, glyoxal could presumably fix guanine-and cytosino-rich 
sequences contained within large destablized adenine-and 
thymine-rich region of a partially denatured DNA molecule. 
Formaldehyde has been useful in reducing the overall thermal 
stability (118) of DHA molecules. Thus, latter chemic-^l has, 
for instance, allowed the visualization via electron micro-
scopy of "non bushed" single-stranded regions in DNA (37,38)„ 
Sjnee the concept of DNA strand senaration during 
thermal denaturation was introduced (110) many methods 
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utilizing denaturation have contributed to the study of 
DNA structure. The denaturation characteristics of DMA 
moli-;cules are knovm to be a function of the overall base 
composition of the rnoli-cule (109, 112) within the temper-
ature range at which ther-e is a partial helix-coil transition, 
destabilization of discreet • segments of the helix takes 
place (s) , presiomably due to regions of weaker interstr<?nd 
hydrogen bonding. The regions first susceptible to heat 
(80, 81) or alkali (78, 79)denaturation are those region 
rich in adenine-thymine base-pairs. Therefore, S nuclease 
from Aspergillus orytzae as been found to be capable of 
removing the single-stranded regions from the reassociated 
DNA molecules at a range of temperature without extensively 
degrading the reassociated duplex regions. 
S^nuclease has been used f'or investigating vari::tion 
in the secondary structure of DNA (160) and as a recgent for 
mapping splice points (14) in RNA molecules. S^nuclease is 
also used as a probe for mapping the structure of RNA (2.04) 
Shenk, T.E . et al_, (156) have reported a biochemical methods 
using S nuclease to accurately map the location of mi'.totional 
alteration in simian virus 40 (SV40) DNA. S nuclease can be 
used to map deletions of basos between 32 and 190 of base 
pairs. S, nuclease can cut such' fragments whose lengths 
corresponds to the position of the deletion. S. nuclt,ase 
mapping procedure is particularly important in that it ermits 
the detection and location of deletions and insertions that 
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that arc too small to '^ e visualized by conventional oloctron 
roicxcsaopic analysis of hetoroduplcx DNAs„ 
S. nucleaso enzyme from Aspergillus oryzae fails to 
detect and characterize small variation in the secondary stru-
cture of nucleic acid for example, the variation that would 
seem to be inherent in DNA that is being transcribed, replicated 
and recombinedo Thet wo distinct disadvantages of the S^ 
nuclease enzyme are its re uirement for divalent C'tions and 
its optimum pH range which is sufficiently acidic to c^use 
appreciable depurin .tion ^^f DMA, especially with extended 
digest times (191). 
The action of nuclease S^  was found to be strongly 
influenced by salt concentrationo The most favourable was 
0.01-0.20 M NaCl which f-voured better than 97% hydrolysis of 
the DNA. At higher salt concentrations, hydrolysis was parti-
cularly inhibited over the final stages. In this feature it 
resembles other nucleases acting preferentially on single-^ r 
stranded DNy\ (85, 131, 176), It is also reported th.-^ t the low 
o 
activity of nuclease S. on native DNA at 50 C was strongly 
inhibited by p.lM NaCl. In contrast to its activity at low 
ionic strength (10, 172), S nuclease has been shown to be 
highly sneciTic for single-stranded DNA in ionic strengths 
greater than O.lMNaCl (31, 158, 177, 191, 198). However, 
extraneous nicking due to acid depurin-ifion can be reduced 
sufficiently for many purposes by using concentr^-tions of 
salt end hydrogen ion that are different from those at which 
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enz;;,'me acts most rapidly viz, 0.1 M NaCl instead of 0.01 
M and pH 5.0 instead of pH 4.5„ Si nuclease also displays 
anamolour reaction kinetics at low s\±)Strate concentrations, 
Heflich, R»H. et a_t, (66) gained ii.sight into the 
recognition signal for long-repair excision by showing that 
a series of directly acting carcinogens, or reactive derivati-
ves of carcinogens which cause a significantly greater cytoto-
xic effect in xeroderma pigmentosum (XP) cells than in normal 
human cells, e.g. 7-bromo-methyl benzo(a)-anthracene (73r McBA) 
also results in significant distortion of the native structure 
of DNA, rendering it susceptible to the action of S-j_nuclease 
specific for single-stranded DNA. In contrast, ogents which 
donot caust; a greater cytotoxic effects in XP cells than in 
normal e.g. N-methyl-N-nitrosoguanidine (MNNG) donot cause the 
formation of these single-stranded regions. A common feature 
of most chemical carcinogens is that they are metabolically 
converted to electrophillic forms that react with nucelophilic 
centers in nucleic acids and proteins (67,126). The S-j^ nuclease 
digestion and formaldehyde denaturation suggest that there may 
be slight destablization of the helix at sites of BPDE-modified 
G. residues. This may be due to interference in the usual 
2 
hydrogen bonding of the N group of G to C, perhaps secpndary 
to slight distortion of the helix to fully accommodate the 
bulky BPDE residues, in the minor groove. In this respect,the 
studies of Kakejuda, T. and Yamamoto, H. (83) are guite pro-
vocative. Superhelical double-strandedi circular SV-40 or 
plasmid Col. El DNA were modified with BPDE and subjected to 
stepwise degradation with endonucleasc S. and DNAase. 
Carcinogen modification of 'G' residues was about 
ten fold greater than 'A' residues.. „ 
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It appears however, that S- nuclease preferentially excised 
the modified 'A' residues, suggesting that the 'A' modifi-
cation produced a greater localised denaturation of the 
helix than the 'G' modification. It was also reported that 
the best evidence for localized regions of denaturation in 
double stranded DNA modified by N-2-acetyl aminofluorene (AAF) 
comes from studies on the susceptibility of AAP-moified DNA 
to digestion by S^ nuclease, (a single-strand st^ecific 
endonuclease) , from Aspergillus orA/zae (51/205). When the 
kinetics of hydrolysis of AAF-modified calf thymus DNA by 
S. nuclease were measured, they were found to be intermediate 
between that of native and fully denatured DNA (51). Yamasaki 
et al, (205) showed that modification of native DNA by 
covalent attachment of AAF residues lead to localized regions 
of denaturation, since the modified regions wert excised by 
S. nuclease. 
The digestion of such regions by S^nuclease would lead 
to a lower ratio of released base pairs to release AAF 
residues than the digestion of more randomly dispersed AAF 
residues. A very useful methrd to determine whether covalent 
binding of the BPDE deriv?tive to native DNA produced 
localized single-stranded regions in the DNA molecules was to 
inciibate the DNA samples with S endonuclease from Aspergillus 
oryzae, an enzyme which, under appropriate condition will 
cleave single-r but not double-stranded regions of DNA (191) , 
CHAPTER - II 
l.O liSITERACTION OF SILICIC ACID WITH DEOXYRIBONUCLEIC 
ACID (DNA) IN ITS DIFFERENT PHYSICO-CHEMICAL AND 
CHEMICAL STATES IN VITRO. 
2 . 1 . INTRODUCTION 
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The review of literature on silicates (in its various 
forms) showed that silicic acid dissolves out from silica and 
silicate dusts in physiological medium, exerts a variety of 
adverse effects on animal systems. Its interactibility with 
many biological component, biopol;\Tners and biomolecules in 
general is quite well known. Of these interactions those 
involving nucleic acids might be playing a pivotal role in the 
genesis of pathophysiology of silicic acid. 
However, a closer scrutiny of the literature revealed 
certain lacunae in our information especially in regard to the 
interactibility of silicic acid with the DNA. Hart £t al, 
(64b) have reported that asbestos fibers can enter inside the 
nucleus of the cell so there are chances of direct interaction 
of DNA with silicic acid» It was therefore, considered both 
appropriate and logical to fill-up the gap in our knowledge 
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in this area and to undertake iri vitro studies to investigate 
as to how silicic acid would effect the integrity of DNA 
molecule. 
Thus guided by the above approach a systematic study 
has been undertaken with the aim of understanding the effect 
of silicic acid on DNA in different states (physico-chemical 
and chemical). This could help in understanding the probable 
nature of effects on the living systems so as to be able to 
explain the toxicity of silicic acid at molecular level. 
2.2 MATERIALS AND METHODS 
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2-2,1. Materials 
Bovine senim albumin. Type V, calf thymus DNA 
(Sodium salt, average molecular weight one million) 
were procured from Sigma Chemical Company, St, Louis, 
U.S.A,, Chellex resin was purchased from Biorad Labora-
tories, U.S.A. S^ nuclease from "Aspergillus Qryzaa" 
(50,000 units) v/as obtained from Bethesda Research 
Laboratory, U.S.A. Sodium silico*fluoride was purchased 
from BDH, U.K. and diphenylamine (crystallized) from E. 
Merck, All other reagents and chemicals used were of 
analytical grade. 
50 
2.2.2. Methods 
2.2.2.1. Preparation of Native DNA 
A stocJc solution of DNA (2 mg/ml) v;as prepared by 
dissolving known weight of highly polymerised sodium salt 
of calf thymvis DNA in appropriate volume of O.OIM TNE 
(O.OIM Tris-HCl, pH 7.5, O.OlM NaCl and 2X10"'^M EDTA) , 
pH 7.5 in salt free condition. The solution was stored 
below 4 C for 48 hours before use. 
2.2.2.2. Preparation of Silicic acid 
Silicic acid solution was prepared (139) by dissolv-L.r 
2 gm sodium silicofluoride in 500 ml double glass distillcc:^  
water containing 5 ml ION H„SO.. The requisite amount of 
solid CaCO_ was added to remove fluoride and the liquid 
filtered. The pH was adjusted to 7.0 with O.IN NaOH and th" 
solvation passed through a 2 cm X 50 cm column of chellex 
resin (flow rate 10 ml/h). The Si content of the silicic 
solution was estimated by the method of King, E.J. e_t al, 
(92) , The solution v/as also analysed for calcium by the EDTA 
titration procedure using the dye, erichrome black T (14r-V, 
and atomic absorption (Perkin-Elmer 5,000, Atomic Absorption 
Spectrometer). No calcium could be detected by the titration 
procedure and atomic absorption gave a value of less than 
0.1 ppm. Before use, the solution was kept in boiling 
water for 10 minutes to depolymerize any polysilicic acid 
then cooled and diluted to the desired concentration. Tho 
stock solution was stored in plastic bottles at 4 C, 
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2.2.2.3. Preparation of denatured DNA 
Denatured DNA was prepared by heating highly poly-
merised calf thymus DNA olution (2mg/ml) in TNE (O.OIM 
Tris HCl-pH 7.5, .QIM NaCl, 2X10"'^ M EDTA) pH 7.5 at 100 C 
for 7 minutes and cooling the solution rapidly in ice 
bath as described by the method of Verly, W.G. and Lacroix 
(190). 
2.2.2.4. Preparation of_ depurinated DNA 
Depurinated DNA was prepared according to the method 
of Hadi, S.Mo and Goldthwait, D.A„ (61). 
To 4 mg of DNA in TNE (O.OlM Tris-HCl, pH 7.5, O.OlM 
NaCl and 2X10"~'^ M EDTA) was added 3 ml of citrate buffer 
(0.2M, pH 3.5). The pH of the solution was thus decreased 
to 3.5o The total volume of 5 ml was incubated for 10 min-
utes at 70 C for depurination and was then cooled rapidly 
in ice sufficient amount of 2M NaOH was added to the above 
mentioned tube for complete neutralization to pH 7.0. The 
depurinated DNA was dialysed overnight against 100 volumes 
o 
of TNE at 4 Cc The released bases were removed by overnight 
o 
dialysis against 100 volumes of TNE at 4 C. The depurinated 
o 
DNA was stored at 4 C. 
2.2.2.5. Preparition of depurinated _DNA_ in_^ the presence of si 1 icic 
acid 
Depurinrtion of DNA in the presence of silicic acid 
was done as described below. 
A 2 ml solution of DNA (2rag/ml) in TNE (O.OlM Tris-
HCl, pH 7.5, O.OlM NaCl and 2X10~'^ M EDTA) was treated with 
silicic acid by adding sufficient silicic acid (500pg/ml) 
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to obtain the desired DNA nucleotide/silicic acid molar 
ratios (1:0.25, IsO.SO, lsO.75, Isl and 1;1.25). 
To the above sil-^oic acid treated DNA was added 3 ml 
citrate buffer (0.2 M, pH 3.5). The pH of the solution was 
thus decreased to 3.5. The total volume of 8 ml v/as made 
up with O.Om TNE, pH 7.5 in each tube. Each tiibe was 
o 
incubated for 10 m.inutes at 70 C for depurination and was 
then cooled rapidly in ioe. Sufficient amount of 2M NaOH 
was added for complete neutralization to pH 7.0 the depuri-
nated DNA in the presence of silicic acid was dialysed over-
o 
night against 100 volumes of TNE at 4 C. The released 
bases were removed by overnight dialysis against 100 volumes 
o 
of TNE at 4 C. The samples of depurinated DNA was stored at 
o 
4 C, 
2 o 2,2„6. Estimation of acid-soluble DNA nucleotides 
Acid soluble DNA nucleotides were determined by the 
diphenylamine method of Schneider, W.C (149) or spectro-
photomotrically by reading the absorbance at 260 nm. 
To a 1 ml aliquotes, 2 ml of diphenylamine reagent 
(freshly prepared by dissolving 1 gm of recrystallized 
diphenylamine in 100 ml of glacial acetic ncid (AR grade) 
and 2.75 ml of concentrated H2SO. (AR Grade) was addedo 
The tubes wore heated in a boiling v;ater bath for 
20 miniites. The intensity of blue colour formed was read 
in spectronic 20 Bz^usch and Loirib spectrophotometer. To 
deteimine acid soluble material spectrophotometrically. 
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an aliquote of the supernatant was suitably diluted and 
read at 260 nm in spectronic 21 UVD Bausch and Lomb spectro-
photometer aqainst a si^itable blank. 
2.2.2.7. Assay of Sj nuclease activity 
S-, nuclease was assayed by estimating the acid soluble 
nucleotides released from DNA as a result of enzymatic diges-
tion. The reaction mixture in a final volume of 1 ml 
contained 500 ug of substrate (native, denatured, depurinated, 
and depurinated DNA in the presence of silicic acid), 0.114 
acetate buffer pH 4,5 containing 1 mM ZnSO., water and enzyme. 
The reaction mixture was incubated at 37 (unless otherwise 
specified) for the desired period of time. At the end of 
the incubation period of the reaction was terminated by the 
addition of 0.2 ml of 10 mg/ml bovine serum albumin, mixed 
thoroughly by shaking and 1 ml of ice-cold 14% perchloric 
acid. The tubes were immediately transferred to an ice 
o 
bath and left at 4 C for at least one hour before centri-
fugation to remove precipitated protein and undigested DNA. 
I^ ie acid soluble DNA nucleotides were determined either 
by the diphenylamine method of Schneider, VJ.C. (149) or 
by reading the cbsorbance of an adequately diluted sample 
at 260 nm, against a suitable blanks 
2.2.2.8, Thermal denaturation of DNA as measured by the degree of 
Sinuclease digestion 
Samples containing 300 ug of native, denatured, 
depurinated and depurinated DNA in the presence of silicic 
acid were heated to the desired temperature for 8 minutes 
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and quickly quenched by the addition of 2 volumes of ice 
cold. Si nuclease standard reaction buffer^ The mixture 
was incubated with 600 ur-its of S^ nuclea.se at 37 C for 2 
or 3 hours, the reaction was stopped by the addtion of 0.2ml 
of 10 mg/ml bovine serum albumin and 1.0 ml of ice cold 14% 
perchloric acid. The tubes were Immediately transferred 
o 
into an ice bath and \ept at 4 C for at least 1 hour before 
centrifugation to remove precipitated protein and un^iigosted 
DNA, The samples were then processed as described above for 
the determination of acid-soluble nucleatide„ 
2.2.2.9. Alkaline hydrolysis of DNA 
The DNA samples were subjected to alkaline hydrolysis 
(195) in order to test whether apurinic or apyrimidinic sites 
were created in the DNA molecules. Alkaline hydrolysis was 
carried out by treating 500 jag DNA in 1 ml with O.lM NaOM 
and inciibating at room temperature for 15 minutes. Acid 
precipation and determination of acid so"'uble nucleaotides 
was done as given in earlier method. Native DNA represents 
the non-incubated but dialysed sample. 
2.2.2.10. Effect of silicic acid on pH of the inciibation media 
A separate experiment was carried out in which 
two reaction mixture were taken with the third as a control. 
The first mixture contained 2 ml of O.lM TNE, pH 7.5, 0.6 ml 
water and 3 ml citrate buffer (0.4M, pH 3.5), was used in the 
second system. 2.4 ml of silicic acid (500 jug/ml) was 
added in the first and second reaction mixture only. 
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2.2.2.11. Alkaline hydrolysis of DMA depurlnated In the presence 
of silicic acidgconcentration dependence of silicic acid 
Depurination of DNA was done in the presence of 
sj.licic acid^ as given below according to th^ method of 
Lindahl, T. (lOQ). 
To 0.25 ml (2mg/ml) of DNA solution in O.lM TNE, 
silicic acid were added to prepare DNA nucleotide/silicic 
molar ratios lsO.25, lsO.50, lsO.75, Isl and lsl.25. Then 
0.45 ml citrate buffer (0.2M, pH 3,5) were added to it. 
The total volume were made upto 1.1 ml with water„ The 
o 
whole mixture were heated at 70 C for 1.00 minutes. 0.1 ml 
of 2 M NaOh w^s added to bring the pH to 7 for alkaline 
hydrolysis of the DNA. The reaction mixtures were kept 
at room, temperature for 10. The reaction was terminated by 
the addition of 0.2 ml of lOmg/ml bovine serum albumin m.ixod 
thoroughly by shaking and 1 ml of ice cold 14% perchloric 
acid was added. The tubes were immediately transferred to 
an ice bath and left at 4 C for at least one hour before 
centrifug tion to remove precipitated proteins and undigested 
DN7\. A parallel control experiment was run in the similar 
manner in v/hich silicic acid v/as substituted with water. 
Acid soluble DNA nucleotides were measured by disphunyl-
amine reagent as given in the methods. The DNA nucleotide/ 
silicic acid molar ratios were plotted ag-^ .inst percent 
DNA hydrolysis as shown in the Fig 8. 
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2„2.2.12. Alkaline hydrolysis of DNA depurineted with silicic 
acid; Time dependence 
Depurinrtion of DNA in the presence of silicic wgs 
done as described below. To 2 ml (2mg/ml) of calf thymus 
DNA in O.lM TNE, pH 7.5 v/ere added 2.4 ml (500pg/ml) sili-
cic acid to make the DNA nucleotide/silicic acid molar 
ratio of 1^1. Then 3 ml of 0.2M citrate buffer of pK 3o5 
were added. Thus the pH of the solution v/as decre.vscd to 
3.5. The control experiment was also run in the same manner 
in which silicic acid was substituted with water. The 
o 
reaction mixture was heated at 37 C for ICO minutes for 
depurination. Then 1 ml aliquots containing 500 ug DNA 
' / 1^ '' ^ 
were removed at time intervals (i.e. 10, 20, 30, 40, 60, 
80 and 100 respectively) as indicated in Fig 9. 0.1 ml of 
2 M NaOH \A?as added to it to bring the pH to 7 for the alkali-
ne hydrolysis of the DNA, It v/as kept at room temperature 
for 10 minutes. The reaction was terminated and processed 
as described e-^rlier. 
2.2.2.13. Alkaline hydrolysis of DNA treated with silicic acid 
(SA) after depurination 
Depurination of DNA v/as done as described belows-
To 4 ml DNA solution (2mg/ml) in O.lM TNE, pH 7.5 
were added 4 m.l of 0.2M citrate buffer of pH 3.5, -Thus the 
pH of the solution decreased to 3.5. Thv.^  totol volume of 
solution decreased to 3.5. The total volume of solution 
was 8 ml (Img/ml). The above reaction mixture was heated 
o 
at 70 C for 100 minutes for depurination. It was rapidly 
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cooled and neutralized by the addition of 0.2 ml of 2 M 
NaOH to bring the pH to 1. The TMh solution obtained was 
depurinated DNA, The depurination of the DNA was done in 
the absence of silicic acid„ Silicic acid was added after 
depurination of the DNA as given below. 
The above depurinated DNA (Img/ral) was divided into 
two equal ports. The first part contained 4 ml DNA (Img/ml) 
was used as control and the second part contained 4 ml DNA 
(Img/ml) was used ass control and the second nart contained 
4 ml DNA (Img/ml) was treated with silicic acid. To the 
above 4 ml depurinated DNA (Img/ml), 2,4 ml silicic acid 
(500jug/ml) and 0,6 ml water was added to get the DNA 
nucleotide/silicic acid molar ratio of Isl. In the control 
experiment silicic acid was substituted with water. The 
o 
above reaction mixture was incubated at 70 C. Then 1 ml 
/ ' / / 
aliquots were removed at time intervals (i.e. 10/ 20, 40, 
60, 80, and 120 respectively) as indicated in Fig 10. 
0,2 ml of 2 M NaOH was added to each aliquots to bring 
the pH 7 for alkaline hydrolysis. The tubes were kept 
at room temperature for 15 minutes. The reaction was termi^ 
nated and processed as described earlier. 
2.2.2.14, Si nuclease hydrolysis of notive, den?tured, silicic acid 
treated denatured, depurinated and depurinated DNA in 
the presence.of silicic acid 
Native,denatured, silicic acid treated denatured, 
depurinated and depurinated DNA in the presence of silicic 
acid v/as prepared as described in the methods. The S-
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nuclease reaction mixture in 1 ml contained 300 p.g native, 
denatured, silicic acid treated denatured, depurinated and 
depurineted DNA in the presence of silicic acid, O.lM ocetato 
buffer of pH 4,5, containing 1 mM ZnSO and increasing conc-
entration of S-^  nuclease enzyme units (i.e. 100, 200, 400 
and 800 respectively) as indicated in Fig 11. The reaction 
o 
mixtures was incijt>ated at 37 C for 2 hours. The reaction 
was stopped by the addition of 0.2 ml of lOmg/ml bovine 
serum albumin and 1 ml of ice cold (14%) perchloric acid 
(PCA)„ Acid-soluble DNA nucleotides were measured by di-
phenylamine procedure as described earlier. 
2.2.2.15. Si nuclease hydrolysis of native, den-^tured, silicic acid 
treated _^ en_a_turod_, depurinated and depurinated DN/^  in 
the presence of silicic acid % Effect of salt (O.liM NaCl) 
on Si nuclease activity 
S^ nuclease hydrolysis in the presence of salt 
(O.lM NaCl) was performed as done by VJani, A.A, et al., (195) 
native denatured, silicic acid treated denatured, depurinated 
and depurinated DIJA in Lhe presence of bilicic acid was 
prepared as given in the methods. The reaction mixture in 
1 ml contained 300 ;ug of DNA, 0.1 M acetate buffer of pH 
4.5, containing 1 mM ZnSO., O.lM NaCl and enzyme units 
(i.e. 100, 200, 400 and 800 respectively) as indicated in 
o 
Pig 12. The reaction mixture was incubated at 37 C for 
two hours. The reaction was terminated and processed as 
describtid in previous experimeni:s. 
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2. 2 , 2.16 „ Effect of__S H nuclease on denatured DNA In the presence 
of siiicic acid 
Effect of silicic acid on S]_ nuclease hydrolysis 
of denatured DNA v/as done as described belows-
Denatured DNA v/as prepared as described in the 
method. To 0.2 ml (2mg/ml) denatured DNA, sufficient 
silicic acid (500jug/ml) was added to obtain the desired 
DNA nucleotide/silicic acid molor rctios of lsO.25, 
Is0.50, Is0.75 and 1^1. The S-^ nuclease reaction mixture 
in 1 ml contained 400 ug denatured DNA and sufficient 
silicic acid to get the above desired DNA nucleotide/ 
silicic acid molar ratios; O.lM acetate buffer of pH 4.5, 
containing ImM ZnSO. and 800 units of S^ nuclease. The 
o 
reaction mixture was incubated at 37 C for 2 hours. The 
control experiment was also run in the similar manner in 
which silicic acid v/as substituted with water. The 
reaction was terminated and acid-soluble DNA nucleotides 
were measured as described in the methods. The results 
of the experiments are shov/n in Table 3. 
2.2.2.17. Alkaline hydrolysis of NaBH.-reduced depurinated DNA 
Native, depurinated and depurinated DNA in the 
presence of silicic acid was reduced with NaBH. as 
described by Hadi, S.M. and Goldthwait, D.A. (61). 
To 1 ml of DNA (2m,g/ml) in O.OIM TNE (O.OIM Tris 
HCl, pH 7.5, O.OIM NaCl and 2X10"'^ M EDTA) was added 0.3 
ml of potassium ph-sphrto buffer (2M, pH 6*5), then 
0.1 ml of NaBH (4M) v;as added to each tube for reduction 
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of the DNA. Each tube was kept at room tempernture for 
1 hour, A parallel control experiment was run in the 
similar manner in which NaBH. was subst-"tuted v;ith water. 
The same experimental conditions were also provided to the 
control experiments. 
Alkaline hydrolysis of NaBH -reduced DNA was carried 
out by the addition of 0.4 ml of 2M NaOH in each testtube 
and each tubewt was allowed to stand at room temperature for 
1 hour. 
The reaction was terminated by the addition of 0.2 ml 
of 10 mg/ml bovine serum alb\imin, mixed thoroughly by 
shaking and 1 ml of ice-cold 20% perchloric acid was added. 
The acid-soluble DNA nucleotides were determined 
by the diphcnylamine procedure of Schneider (149). 
2,2.2,18. Time dependent alkaline hydrolysis of NaBH -reduced 
depurinatcd DNA 
DNA was depurinated according to the method of Hadi, 
S.M. and Goldthwait, D.A. (61). According to which 3.6 ml 
of silicic acid (500ug/ml) v;as added to the 3 ml of DNA 
(2mg/ml) in O.OIM TNE, pH 1.5, so as to get DNA nucleotide/ 
silicic acid molar ratio of 1;1. 5.4 ml of citrate buffer 
(0.2 M, pH 3.5) was added to the reaction mixture so as to 
bring the total volume to 12 m.l bringing the DNA concentra-
o 
tion to 500 jag/ml. It was incubated for 10 minutes at 70 C 
for depurination and WPS then •cooled rapidly in ice. It 
was allowed to stand at room temperature for 1 hour. 
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2 ml aliquots (Img DNA) were drawn at time intervals of 
/ /• r f r 
30, 60, 90, 120 and 150 respectively. 
Reduction cf thu above depurinated DNA was done 
according to the method of Hadi and Goldthwait (61). 
1 ml of the aliquots of the above reaction mixture of 
different time intervals was incubated v/ith 2M phosphate 
buffer of pH 6.5 and 0.1 ml of 4 M NaBH^ for 1 hour at 
room temperature so as to bring about reduction of depuri-
nated DNA. Control experiments was run in which NaBH. was 
substituted with water. Alkaline hydrolysis of the NaBH --
reduced depurinated DNA was carried out according to the 
method of VJani, A,A. e_t a]^, (195), according to which the 
reduced-denurinatod DNA was treated with 0.4 ml of 2 M 
NaOH for 10 minutes. he reaction was arrested by the 
addition of 0.2 ml of lOmg/ml b'^vine serum albuaiin and 1 ml 
of 20% ice-co.l d nt rchloric aci;'' after the specified time. 
The acid-soluble DNA nucleotides were estimated by ci-
phcnylamine reagent (149). 
2.2.2.19. Incubation cf native DNA with silicic acid 
Native DNA was incubated v/ith silicic acid in 
volumes of 10 ml in stoppered sterile tubes each milli-
litre contained 1 mg DNA in TNE (O.OIM Tris.HCl pH 7.4, 
O.OIM NaCl and 2X10~ M EDTA) and increasing concentrntions 
of silicic acid (DN^- nucleotide/silicic acid mol^r ratios 
1;0.25, lsO.5 and Isl) at 37 C for 14 hours. A parallel 
control, v/hich did not contain silicic acid was also 
incubated. The pH of the incubation mixtures were checked 
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at the end of the incubation and was found to be unchang 3d 
Each samples was dialyse-^ ^ against two changes of 250 ml 
o 
TNE for 24 h at 4 C, The silicic acid troatc" and control 
DN/i samTDles wore kept froz.-.n and were thawed just before 
use. 
2 . 3 RESULTS /"JSfD DISCUSSIONS 
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C a l f thymus DNA was c l epu r ina t ed a t pH 3 .5 by 
o 
heating it at 70 C for 100 minutes with the increasing 
concentration of silicic acid. The depurination of DNA 
was done at higher temperature (i.e. 70 C) with the fact 
that higher temperature leads to increased depurination 
(59), causing increasing separation of the two strands. 
After this each reactiCi mixture v/as t. Bated with 0.1 ml 
of 2 M NaOH (195) and allov/ed to stand at room temperature 
for 10 minutes for alkaline hydrolysis follov/ed by termi-
nation of the reaction (as described in the methods)^ 
The effect of silicic acid on pH of the incubation 
medium v/as done before studying the effect of silicic acid 
on depurination of DNA as all biological reaction are 
influenced by the environmental pH. The details of the 
experiments is indicated in the methods. The results of 
the experiments shov/ed that there was no appreciable 
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change in the pH of the two silicic acid containing 
reaction mixtures as compared with the control. 
Pig 8 depicts the effect of silicic acid on 
alkaline hydrolyBis of depurinated DNA. It is clear 
from the data that with the increase in the proportion 
of silicic acid in the • system, the latter offered a 
progressively increasing protection to the depurinated 
DNA which in its absence the latter was quite amenable 
to the alkaline hydrolysis. A control experiments, which 
was set parallel to the experimental in which silicic acid 
was substituted with water, showed 43.2% S^ nuclease hydro-
lysis of the DNA. 
It may be suggested that silicic acid is aligning 
itsolf/intoracting v/ith the depurinated DNA in such a 
manner that the vulnerable sites on the DNA strands get 
masked in proportion to the amount of the inorganic poly--
anion being present in •'-he reaction system. 
The data on alkaline hydrolysis of depurinated DNA 
in the absence and presence of silicic acid (DNA nucleotide/ 
silicic acid molar ratio of Isl, which offered maximuni 
protection to the modified biopolymcr Fig 8) as a function 
of time of incubation is given in Pig 9. 
It may be seen that alkaline hydrolysis of depuri-
nated DNA showed a progressive increase in its value v\rith 
the increase in: the incubation period both in the absence 
and presence of silicic acid since the higher temperature 
Figure 8; Alkaline hydrolysis of DNA depurinated in 
the presence of silicic acidsConcentration 
dependence of silicic acid. 
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leads to increased denaturation and thus depurination 
causing increasing separation of the two DNA strands. 
However, the presence of silicic acid in the system 
undoubtedly gave masked protection to the depurinated DNA 
against alkaline hydrolysis by the proposed mechanism 
as described above. 
The results on the alkaline hydrolysis of depuri-
nated DNA in the presence of silicic acid by altering the 
experimental conditions are represented in Fig 10. DNA 
was first depurinated alone (i.e. in the absence of silicic 
acid). Then the depurinated DNA was subjected to alkaline 
hydrolysis in the presence and absence of a fixed concentra-
tion of silicic acid (DNA nucleotide/silicic acid molar 
ratio of Isl) oveoc the period of time of two hours. 
Under these experimental conditions silicic acid 
failed to offer any protection to depurinated DNA against 
alkaline hydrolysis. In ^ther words, it would seem that 
silicic acid some how interacts with intact 8NA prior to 
its depurination (as in experimental conditions of Fig 8 
and Fig 9 in such a way that this alignment/interaction 
pattern maintains itself despite the siibsequent process of 
depurination of the bio-polymer. This intentnolecular 
arrangement perhaps helps the depurinated DNA being 
protected against alkaline hydrolysis. 
Figure 10s Alkaline hydrolysis of DNA treated with silicic 
acid (SA) after depurination. 
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However/ when silicic acid is not present prior to 
depurination of the DNA, the above type of intermolecular 
arrangements and as a result, the protection of depurinated 
DNA against alkaline hydrolysis cannot come into the effect 
as shown in Fig 10. 
DNA under four experimental conditions as shown in 
Fig 11 i.e. native, heat-denatured, silicic acid treated 
denatured depurinated and depurinated in the presence of 
silicic acid was subjected to the action of increasing 
amounts of S- nuclease which is known to be specific against 
single-stranded DNA (199), It is clear from Fig 11 that 
the denatured DNA was most susceptible to hydrolytic action 
of the enzyme, S- nuclease followed by the depurinated DNA. 
The presence of the silicic acid in the depurinated DNA 
(DNA nucleotide/silicic acid molar ratio of Isl) showed a 
perceptible orotecting effect on the modified bio-polymer 
but not on the denatured DNA where there was no chemical 
modification in the bio- olyraer. It may be inferred that 
the depurinated DNA (where the two strands may not be 
completely separated from eoch other) and the denatured 
DNA (where the two complementary strands have boen separa-
ted from each other) are interacting with silicic acid 
quite differently from each other as evidence by the 
biochemical monitoring parameters of S^ nuclease action 
on them. 
Figure lis Si nuclease hydrolysis of native, denatured, 
silicic acid, tre?=ited denatured, depurinated 
and depurinated DNA in the presence of silicic 
acid. 
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A small degree of degradation of native DNA under 
the action of S- nuclease may suggest a correspondingly-
small degree of vulnerability (to the extent of 10%) of 
the native DNAo This may be explained by the possibility 
of arLifactual single-strandedness (but also of small degree) 
of the biopolymer under the experimental conditions. 
The effect of NaCl (O.lM) on DNA under different 
experimental conditions as mentioned above consisted in 
giving substantial protection against S^ nuclease to the 
denatured DNA, silicic acid treated denatured DNA, depuri-
nated DNA and depurinated DNA in the presence of silicic 
acid, as the presence of salt had a preventive effect on 
denaturation of bio-polymer (10, 172), shown in Figure 12. 
The presence of sodium chloride proved usefully 
affording a mild but perceptible protecting effect (on 
the average to the tune of^O%)to the depurinated DNA, 
denatured DNA on even when another protector of these 
i.e. silicic acid was also present in the system. In 
other words, silicic acid and sodium chloride were 
complementing each other in protecting DNA (i.e.denatured 
and depurinated DNA). 
The data of Table 2 further substantiates the above 
findj^ g (cf.. Fig 11 and 12), The increasing proportions 
of silicic acid gave corresponding increasing degree of 
protection to the DNA both in the presence and absence of 
sodiiom chloride. The presence of O.lM of sodium chloride 
Figure 12; S^ nuclease hydrolysis of native, denatured, 
silicic acid treated denatured, depurinated 
and depurinated DNA in the presence of sili-
cic acids Effect of salt (O.lM NaCl) on Si-
nuclease activity„ 
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Table 2. 
Effect of salt (O.IM) on native, denatured, depurinated 
and depurinated DNA in the presence of silicic dcid on 
the degradation of DNA by Sinuclease. 
DNA Nucleotide/ 
Silicic acid 
molar ratio 
% DNA Hydrolysis 
with O.IM NaCl Without O.IM 
NaCl 
Native DNA (control) 
Denatured DNA 
Depurinated DNA 
lsO.25 
1:0.50 
Isl 
3.67 
70.20 
46.20 
38.00 
27.00 
22.00 
7.34 
84.32 
60.40 
50.00 
38.50 
35.00 
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affected the hydrolysis of denatured, depurinated and depuri-
neted D^ A^ in the presence of silicic acid by S, nuclease 
(800 units) to about the . ame degree„ Th>^  data of table 
3 presents the effect of S^ nuclease on denotured DMA in the 
presence of increosing concentration of silicic acid. It 
may be clearly seen that the presence of silicic acid in the 
studied concentration range of the latter practically did not 
influence, the action of th^ enzyme, S^ nuclease on the 
denatured DNA. 
It may seem that the mutual int raction of the mole-
cules of the denatured DKA ->nd silicic acid, if at all it is 
t-"king place, is not able to mask/protect the S-, nuclease 
sensitive or attackable sites. 
Two steps chemical modification in the DNA molecule 
namely depurination followed by NaBH.-reduction was subjected 
to a study for ascertaining the stability of the modified 
DN/. to alkaline hydrolysis as such and in the presence of 
silicic acid. It may be seen th:)t native DNA showed a sli-^ht 
tendency to get hydrolysed in the alkaline medium. As 
expected, the alkaline hydrolysis b^c^me prominent in case of 
the' depurincted D''A (181) „ In both of these cases alkaline 
hydrolysis could be r-'^ dically decreased or nullified on 
reduction of the sugar moiety of the bio-polymer \ ith NaBH. 
treatment of DNA/depurinated DNA, 
Treatment of depurinated DNA with NaBH. prevented 
cleavage of the phosphodiester bonds in alkali due to the 
^-elimination reaction. The stabilization was considered 
Table 3. 
Effect of S^nuclease on denatured DNA in the 
presence of silicic acid. 
DNA Nucleotide/silicic acxd „, ^ .^^^ TT ^  T 
, , / % DNA Hydrolysis 
molar ratio ^ ^ 
Denatured DNA (control) 68.12 
lsO.25 70.85 
lsO.50 68.125 
lsO.75 68.125 
Isl 76.30 
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to be due to the reduction of the aldehyde group of the 
deoxyrib'ose to the alcohol (201) . The addition of silicic 
acid to the depurinated DNA helped in lowering the alkaline 
hydrolysis of the modifica DNA as shown in table 4. 
The time~dependent alkaline hydrolysis of NaBH,-
reduced depurinated DNA as given in table 5 may clearly 
show that NaBH.-reduction of DNA did not allow alkaline 
hydrolysis of the depurinated DNA over the long period of 
150 of the trL-atrnent. The unreduced depurinated DNA on the 
other hand was-- susceptible to alkaline hydrolysis as a 
function of time as shown in table 5. 
The data of table 6 clearly show that S. nuclease 
practically did not attack n-~itive DNA, while denatured DNA 
was extensively hydrolys^-d by it, as it - is also clear from 
the earlier data (cf. table 2 and 3, Fig 11 and 12). 
The depurinated DNA also gets hydrolysed by this 
enzyme but to a lesser extent than the denatured DNA. Unlike 
the denatured DNA, depurinated DNA got protected by silicic 
acid and the protective effect progressively increased with 
the increasing proportion of the inorganic polyanion, 
silicic acid. It is clear from the table 6 that S^nuclease 
hydrolysis of depurinated DNA in the presence of silicic 
acid decreases with the increase in DNA nucleotide/silicic 
Qcid m l"-r ratios, as the pr''duct ion '.f acid-soluble 
material decreased with increasing silicic acid concentration. 
Table 4. 
Alkaline hydrolysis of NaBH.-reduced depurinated 
DNA. 
DNA Nucleotide/ % DNA Hydrolysis 
Silicic Acid 
molar ratio with NaBH. without NaBH. 
Native DNA (control) 
Depurinated DNA 
la 
0.0 
0.75 
0.75 
0.75 
4.5 
2.25 
Table 5. 
Time dependent alkaline hydrolysis of NaBH.-reduced 
depurinated DNA. 
„. . . , % DNA Hydrolysis 
Time m minutes ^ ^ 
with NaBH v/ithout NaBH. 
30 0.0 3 
60 0.0 3 
90 0.0 3 
120 0.0 6 
150 0.0 9 
Table C. 
S^nuclease hydrolysis of DNA depurinated in the presence 
of silicic acid (SA). 
DNA Nucleotide/ 
Silicic acid 
molar ratio 
Native DNA 
Denatured DNA 
Depurinated DNA 
1;0.25 
IsO.SO 
lsO.75 
Isl 
ju mo! 
DNA 
Sinuc 
Le acid-
nucleot 
0.06 
1.03 
0.70 
0.60 
0.43 
0.30 
0.26 
lease hydrolysis 
soluble 
ide 
% DNA hydrolysir 
7.0 
85.0 
58.0 
48.0 
33.0 
22.0 
19.0 
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It may be inferred from the above that the mode of 
interaction of silicic acid with denatured DNA and depuri-
nated DNA"Is radically different in the two cases. In the 
denatured DNA the" two complementary strands get separated 
from each other whereas it is quite possible that in the 
depurinated DNA (if the depurination is not total one) the 
double-str"'ndedness of the bio-polymer is.- retained to smalJor 
or greater extent depending on the extent of dopiirination. 
This may be responsible for the difference in the interacti-
on behaviour of the two (i.e., def^urinated and denatured DNA) 
with silicic acid and also the difference in their responses 
to the action of S- nuclease. 
The data of table 7 show that the native DNA was only 
partially (by 16%) affected while denatured DNA was completely 
hydrolysed by the S]_ nuclease under the same experimental 
conditions, 
In order to assess the effect of silicic acid on 
native DNA, which othcrwi a as seen abovt. is greatly resis-
tant to the action of this '.^ nzyme, the bio-polymer was 
treated with increasing proportions of silicic acid (from 
0.25 to 1.0 mole with respect to 1 mole of DNA). 
It may be seen that the extent of hydrolysis of native 
DNA by S- nuclease increased as a function of the silicic 
acid proportion, such that at Isl molar proportion between 
the two, t' ere was a 36% increase in the hydrolysi' ility of 
native DNA to the action of the enzyme, S. nuclease. 
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This would clearly show that native DNA was being 
unwound by weakening/breaking up the interstrand hydrogen 
bonds by silicic acid, thereby rendering the DNA susceptible 
to the hydrolytic action .jf S. nuclease.-
Alkaline treatment failed to show any hydrolytic 
action on the DNA (native or denatured). Similarly, the 
silicic acid treatment of native DNA with silicic acid upto 
molar proportion of 0°5 (with respect to DNA) also did not 
show any degradative action on the DNA. However, when the 
proportion of silicic acid was increased to 1.0, there was a 
significant hydrolysis/degradation of DNA Viz. to the extent 
of 37%. This may be due to the interstrand separation of the 
double helix of DNA by silicic acid to such an critical extent 
that alkali could degrade the bio--'polyiner„ The inter-strand 
separation of double helix of DNA at lower concentration of 
silicic acid, obviously was too meagre for any alkaline 
degradrtion of the DNxA to take place. 
2 . 4 . SUMRARY AMD CONCLUSION 
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2.4.1, Summary 
In order to extend the studies particularly towards 
the biological properties of silicic acid/silica, including 
their interaction behaviour with biopolymers like, DNA, a 
set of experimental tcchniaues have been employed thes-lient 
features of these studios are;-
1. Depurinated DNA (if its depurinetion is carried out 
in the presence of silicic acid) gets protected 
against alkaline hydrolysis as well as against 
Si nuclease attack. 
2. If t'>e depurination of DNA is conducted in the 
absence of silicic acid, the modified depurinated 
DNA cannot be protect-r:;d against alkaline hydrolysis 
if silicic acid is added at the time of alkaline 
hydrolysis. 
3. Silicic acid does not protect denatured DNA against 
S- nuclease degradation, but it can protect the 
depurinated DNA a. ainst this enzyme; the presence 
of O.lM sodium chloride complements the protective 
action of silicic acid towards DNA ag-iinst the 
S- nuclease. 
4. Chemical modification of depurinated DNA in the 
presence of silicic acid by reducing the aldehyde 
group of the deoxyribose moiety with NaBH , makes 
4 
the modified bio-polymer 2;esistant to a lkal ine action, 
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5. The native DNA, which is otherwise resistnnt to the 
action of S. nuclease became increasingly susc»_ptible 
to the action of the enzyme with the increasing 
proportion of silicic acid in the reaction system., 
Susceptibility to alkali became manifest only at the 
higher proportion of silicic acid. 
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2«4.2. Conclusion 
Disturbences in nuclc-ic acids metabolism have 
been linked to the development of several well defined 
patholoqicol conditions. It is safe to assume that 
interference with synthesis, structure and degradation of 
cellular DNA and RNA often plays a key role in the genesis 
of several diseases^ Therefore, the objective set for 
the present study centered around the aspect of silicic 
acid int'-.raction with aonv,tic material« This possibility 
was based on the previous findings thc't asbestos fibers 
(chrysotile) cross the membrane barriers and reach the 
site of the nucleus. The study reported above provided 
new informations on this aspect of asbestos toxicity wich 
may be responsible for reported carcinogenisis associated 
with asbestos exposure, 
Several new aspects have been em.erged out of this 
study like:-
i) RNA-silicic rciS, and protein-silicic acid 
interaction, 
ii) The response of complexes of nucleic acids with 
silicic acid/silica to various degradative agents 
besides nucLccses. 
iii) The mechanism of DNA degradation by silicic acid 
i.e. single or double strand breaks, 
iv) The effect of salts and metal ion concentration on 
degradation of DMA by silicic acid. 
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v) The chemistry of protection of DNA depurinated in 
the presence of silicic acid against S^ ^ nuclease 
and alkaline hydrolysis. 
vi) The effect of adsorption of DNA en asbestos fiber 
in stabilizing or destabilizing the secondary stru-
cture of DNA. 
The above aspects need an indepth investigation to 
come at a definite conclusion. 
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